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AUTHOR'S PREFACE TO THE TENTH EDITION. 


N the following pages of the tenth edition of my ‘“Text-book of Gen- 
eral Pathology and Pathological Anatomy ” are to be found the re- 
sults of two and twenty years of labor that has been but rarely inter- 

rupted. Since the first edition, which appeared in 1881, I have constantly 
endeavored to improve the book both in its contents as well as in its 
form; and I believe that I dare commit myself to the hope that in this 
edition there is offered a work which, within its assigned limits, presents 
the most important achievements of the nineteenth century in the field 
of general pathology and pathological anatomy in such a form as to 
meet the needs of the practising physician as well as of the student, who 
through the study of such would acquire a scientific foundation for prac- 
tical medicine. 

He who to-day looks back upon the results of medical investigation 
during the nineteenth century finds his attention involuntarily fixed 
upon that investigator who for the full half of the century just passed 
has been constantly active, and who through his scientific labors and his 
teaching has pointed the way to the knowledge of morbid processes, their 
nature and their origin; and in part has himself realized, and in part has 
paved the way and made possible the great advance of the nast century 
in the domain of general pathology and pathological anatomy. There- 
fore it appears to me fitting in this year, in which the science of medi- 
cine of Germany and of the whole world is preparing to honor the 
eightieth birthday of its great master, Rudolf Virchow, to dedicate to 
him this book as a duty of gratitude. May he thereby learn that also 
those to whom it was not granted to sit as students at his feet have 
striven to build further upon the foundation laid by him, and have seen 
in him their master, to whom they are attached in gratitude and venera- 
tion. 


In the revision of the new edition I have gone through each chapter 
with great care, and have supplemented, corrected, and extended the 
subject-matter according to the most recent literature and new investiga- 
tions of my own. 

The first three chapters have been completely worked over and 
reshaped, and I hope that by their new form and order the reader will be 
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enabled to orient the conditions there considered more easily than was the 
case in former editions. 

In spite of the criticisms directed against certain portions of my 
presentation of inflammation and tumors I have not been led to make 
any changes touching the essential contents of these chapters. The 
attacks directed against these have inclined rather to strengthen my 
standpoint than to weaken it; although I have been induced, by chang- 
ing somewhat the formulation of my views, to meet certain strictures 
which were caused more by the form of presentation than by the content 
itself. 

Czerny’s support of the theory of the parasitic nature of true tumors 
has not changed my view as to their etiology and nature, and if I have 
altered the phrase “new-formation of tissue which is not caused by infection” 
to “new-formation of tissue apparently arising independently,” I have done 
so, as is shown by the subsequent text, not because of any doubt in the 
correctness of the former expression, but for the purpose of avoiding 
the criticism that such a definition might have a retarding influence upon 
investigations as to the etiology of tumors. 

I have given especial attention to the revision of the chapters on 
Vegetable and Animal Parasites, and have enriched these with new and, 
I hope, instructive illustrations. It may be argued as to whether it is 
necessary in a text-book on general pathology to go so far into the sepa- 
rate forms of parasitic diseases as I have done; and whether it would not 
be better to be content with what is said in the first and third chapters 
upon Infection and the Resisting Powers of the Organism. For the 
acquiring of an understanding as to what an infection is and how the 
organism iu general behaves toward it, the latter would probably suffice; 
but it appears to me to meet a pressing need that the student, after he 
has learned to recognize the pathological processes of life, should then be 
instructed more closely regarding the properties of the parasites causing 
the different infections, their manner of action upon the different tissues 
and the organism as a whole, and their mode of spreading throughout 
the body. For the elucidation of these conditions of so great importance 
to the physician I have provided this chapter with numerous illustra- 
tions, particularly the sections treating of Streptococcus pyogenes, Staphy- 
lococcus pyogenes aureus, and Tuberculosis, as well as those treating of the 
pathogenic Protozoa. 

The bibliography has been brought up to the end of 1900, and I have 
endeavored in so far as possible to cite those investigations which are 
adapted to facilitate and advance scientific research in the given field. 
Since such collections of the literature as may be easily utilized are want- 
ing, I believe the bibliography given has met a pressing want, and I 
have already had the satisfaction of knowing that this has been recog- 
nized on various sides. 

I cannot neglect to remember with gratitude in this edition the pub- 
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lisher, Dr. Gustav Fischer. To the excellent form which he has given 

the book in all the editions is owing a large part of its success. His 

friendly and obliging spirit has made it possible to provide the book 

with such illustrations as are suitable to explain and to amplify that 

which is described in the text. E. ZIEGLER. 
FREIBURG IM BREISGAU, April, 1901. 


TRANSLATORS PREFACE. 


N the translation of the tenth edition of Ziegler’s ‘General Pathology ” 
| the endeavor of the translator has been to render the text and spirit 
of the original in a simple and consistent English form, suitable to 
the needs of the medical student and reader. He has refrained from 
alterations of the subject-matter, and has made but few additions, the 
latter being only of such a nature as to adapt certain statements made in 
the text the better totheir American environment. The dedication of the 
German edition to Virchow has made the book in a certain sense a Vir- 
chow “ Festschrift”; and it seems especially fitting that it should contain 
the bibliography of the most important achievements of the past half- 
century in the domain of pathology and pathological anatomy. The 
bibliography of the earlier editions was omitted in the previous transla- 
tions, but in the present translation the complete bibliography, as given 
by Ziegler, has been included. In addition the editor has inserted some 
of the most important American references, particularly those of the 
last several years. He has not in any measure attempted to makea fully 
representative American pipliography, but has chosen those references 
which he has found of most service in his teaching. It is not necessary 
here to emphasize the teaching value of such a bibliography as given in 
the present volume. In the study of a science in which such great ad- 
vances are almost daily made, and in which the point of view changes 
at a corresponding rate, it seems essential that the student, in addition 
to a thorough grounding in the established principles, should be given 
also a broader view of the development and solution of pathological 
problems. | 
ALDRED SCOTT WARTHIN. 


ANN ARBOR, MICHIGAN, September 1st, 1903. 


Notre.—Because of the difference in the size of the page it has been found necessary 
to reduce slightly some of the illustrations. In such cases the magnification or amplifi- 
vation has been changed to meet the amount of reduction. 
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GENERAL PATHOLOGY. 


INTRODUCTION. 


General Pathology, the science of disease, has for its especial prov- 
ince the investigation, from all sides, of the processes of disease, the deter- 
mination of their nature and significance, their causes and origin, their 
course and termination. 

The life of an organism reveals itself by means of certain peculiar 
activities which we regard as the manifestations of life. In the case of 
unicellular organisms these manifestations consist chiefly of changes of 
form, movement, and division of cells, the taking-up of food and the 
giving-off of waste products; the last-named processes being visible un- 
der the microscope in the case of formed material, but in the case of 
suluble substances they are revealed by changes in the chemical compo- 
sition of the medium in which the cells complete their existence. In 
multicellular organisms, particularly in the more highly developed 
mammals and in man, these vital functions are much more varied and 
complicated. In the general metabolism of the organism a very great 
variety of tissues and organs takes part:.the intestinal tract, the respi- 
ratory apparatus, the blood, and glands of different structure, some 
especial individual function being assigned to each. Reproduction is 
accomplished by means of special organs and apparatus. Motion is 
dependent upon special tissue formations. The perception of external 
influences is made possible through highly developed sense-organs, and 
the entire organism is controlled by a complicated nervous system, the 
functions of which are so individual and many-sided as to render their 
study extremely difficult. The investigation of the normal processes of 
life, which falls to the province of physiology, is accordingly very diffi- 
cult and complicated, and we are yet far from an exact knowledge of all 
the processes of the healthy or normal life. 

The study of disease-processes, as well as of the normal, takes its 
departure from the life-manifestations of the human body, and such indi- 
riduals are regarded as ill whose functions in part deviate from those recog- 
nized as normal. The science of general pathology, whose exposition 
forms this study, is, accordingly, first of all to be designated as patho- 
logical physiology ; that is, the science which seeks to recognize the 
significance and character of the manifestations of disease. It can, 
however, do justice to this task only when it at the same time deter- 
mines also the anatomical changes which give rise to disturbances of 
function in tissues and organs, the causes which produce them, and their 
mode of origin; that is, the pathological anatomy, the etiology, and 
the pathogenesis of the processes of disease are essential parts of gen- 
eral pathology. 

Every manifestation of life is dependent upon a material substratum, 
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every form of vital activity presupposes some special condition of this 
substratum, and physiology teaches us that the individual functions of 
tissues and organs are dependent upon the special structure of their in- 
dividual organization. A change of function in this or that direction 
presupposes also a change in the tissue or organ, and experience teaches 
that such changes in reality take place; and, further, that for the same 
a causa efficiens may at times be demonstrated. It isto be noted, however, 
that the tissue-lesion underlying a disturbance of function cannot always 
be discovered, nor is it always possible to ascertain the etiology or patho- 
genesis of the same; but the number of such cases is constantly dimin- 
ishing through the improvement of our methods of investigation, as 
afforded by means of modern microscopical technique, animal experi- 
mentation, and the utilization of chemical research; and this number is 
already reduced to a small percentage of pathological processes. The 
experienced physician is, therefore, enabled from given symptoms of 
disease to diagnosticate certain organic changes; and, further, from the 
same to recognize often the causes of the disease and the manner of its 
origin. , , 

The symptoms of disease may at one time point to a certain organ 
as the seat of disturbance, or at other times the organism as a whole may 
appear to be involved; we may distinguish accordingly local and gen- 
eral diseases. Not rarely a number of organs may be affected at the 
Same time—this may be spoken of as multiple localizations of disease; 
or in other cases the disease may have a localized seat, but runs its course 
with such changes of tissue that a diseased condition of the entire or- 
ganism results. 

The specific grouping of pathological symptoms which repeats itself 
in many cases makes it possible for us to distinguish different forms of 
disease, and occasionally the physician finds it difficult in a given case 
to determine the exact form of the disease. As criteria for the origin of 
different types, the especial causes of the disease, the location of the tis- 
sue-lesion, and the nature .of the process are to be considered. There 
results, therefore, a great variety of disease-pictures; and it is not al- 
ways easy; often impossible, to determine either the seat of the disturb- 
ance, the character of the tissue-lesion, or the causes leading to the same. 

The duration of different diseases is very variable, and we may 
therefore distinguish acute, subacute, and chronic processes, the last 
extending through years or even decades. An illness may terminate in 
recovery and cure or with the death of the affected individual. A cure 
is assuined when all symptoms of disease have vanished, but experience 
teaches that the complete restoration of the affected part. often takes 
place much later than the disappearance of the symptoms. Not infre- 
quently healing is delayed and the disease becomes latent; that is, ex- 
tensive tissue changes remain, the injurious agent is not removed from 
the body, though symptoms of the disease are no longer present. For 
example, the symptoms of a tuberculous affection may completely disap- 
pear, though foci containing tubercle bacilli are still present in the body 
from which by chance a further extension of the disease may take place, 
and, accompanying this, new symptoms may arise. 

When in the course of a disease a local loss of tissue is not replaced 
by the process of healing, a defect remains; a defect. of large size, on 
the visible external portions of the body, such as the loss of a finger or 
leg, is spoken of as a mutilation. 

If, in the place of a highly organized tissue which has been destroyed, 
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connective tissue of a lower grade is formed, or if an éxternal defect is 
closed by such formation of tissue, there results a scar. When, as the 
result of some disturbance of the normal intra-uterine development, cer- 
tain tissues at birth present pathological alterations, the condition is 
designated as a congenital malformation or anomaly. If the affected 
organs show functional disturbances, the condition may be termed a con- 
genital disease. 

The broad field covered by general pathology necessitates a narrowing of 
its subject-matter ; and it happens conveniently that a part of pathological 
physiology, which may he designated clinical pathology, is best relegated to 
study at the bedside, to special courses and lectures, or to text-books. The 
disturbances of function pertaining to the different organs and systems, 
heart, nervous system, organs of special sense, respiratory tract, urinary 
apparatus, digestive tract, etc., cannot be discussed in this connection. 

A detailed consideration can be undertaken only of those phenomena of 
disease which are consummated in the elementary constituents of the tissues, 
the tissue-cells and the intercellular substance ; and these can be judged and 
properly ralued only through an exact study of the anatomical and histological 
changes thereby presented. General pathological anatomy becomes, 
therefore, the indispensable foundation for general pathology ; but. it 
leads to a complete knowledge of the processes of disease only when at 
the same time the etiology and pathogenesis of the tissue-lesion are re- 
vealed in a satisfactory manner. 
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CHAPTER I. 


The Extrinsic and Intrinsic Causes of Disease. 
I. The Origin of Disease through Extrinsic Causes. 


1. Origin of Disease through Deficient Supply of Food and Oxygen, through 
Fatigue, Heat and Cold, Changes of Atmospheric Pressure, and Electrical 
Influences. 


81. From his birth to his death man is constantly exposed to the in- 
fluences of the world surrounding him, many of these external influences 
being favorable to the normal exercise of his functions, while others are 
unfavorable. 

As long as the human organism is able to offset these influences, 
through independent changes of its relations to the external world or 
through adaptation of its functions to external conditions, it will remain 
in health. If his regulating mechanism no longer suffices for successful 
opposition to unfavorable external influences, and if he cannot escape 
these or change his conditions of life, man becomes ill or dies. 

For its preservation the body needs first of all a certain amount of 
food, water, and oxygen; and though it may exist for a short time with- 
out these, an insufficient supply of oxygen, food or water beyond a 
certain limit and after a certain time must of necessity lead to disease 
or death. | 

A total deprivation or diminution of the supply of oxygen to the 
tissues may take place at any period of life, either because of a lack of 
oxygen in the surrounding medium, or some obstruction to the entrance 
of the oxygen of the air into the lungs or blood, or inability on the part 
of the blood to take up a sufficient amount of oxygen. The fatus in 
utero may be insufficiently supplied with oxygen as a result of diminished 
supply to the mother, premature separation of the placenta, disease of 
the placenta, or compression of the cord, whereby the interchange of 
gases between the maternal and foetal blood is hindered. After birth an 
insufficient supply of oxygen may be due to hindrances to respiration, 
or the child may be so weak that its respiratory movements are insuffi- 
cient to expand the lungs. 

When the supply of oxygen is completely shut off, as may happen 
from the entrance of water or other fluid into the respiratory tract or 
from closure of the air-passages, the affected individual dies in a very 
short time from choking or suffocation. Animals confined in closed 
chambers die as soon as the oxygen of the air reaches two or three per 
cent by volume, the normal volume percentage being 20.8 (Cl. Bernard, 
P. Bert). 

If the supply of oxygen is not wholly shut off, but only greatly 
diminished, as in the case of carbon-monoxide poisoning, in which the 
firm combination of carbon monoxide with the hemoglobin prevents the 
taking up of oxygen by the red blood-cells, death by suffocation may 
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take place only after several days. In gradually increasing hindrances 
to the entrance of oxygen and resulting accumulation of carbonic acid 
in the blood, as in cases of narrowing of the lumen of the larynx through 
inflammatory exudates, compression of the trachea from goitre, weaken- 
ing or obstruction of respiration, etc., a condition of breathlessness, 
cyanosis, convulsions, and disturbances of consciousness is produced, 
which is termed asphyxia. 

If the taking up of oxygen is diminished in only a slight degree but 
for a long time, as in the case of a lessened number of red blood-cells 
in oligocythemia, degenerative processes characterized by increased de- 
struction of albumin and by fatty changes may occur in the tissues and 
organs, and these may lead not only to disease but under certain condi- 
tions to death. 

Total deprivation of food and water leads to a rapid loss of body- 
weight, inasmuch as the fat and albumin continue to be decomposed ; 
death finally ensues. According to Lehmann, Muller, Munk, Senator, 
and Zuntz, the total amount of oxidation in cases of starvation does not 
fall below that of the same individual in the fasting state under the 
same conditions. A marked decomposition of albumin and loss of water 
take place. In animals death occurs after the loss of about forty per cent 
of the body-weight, about one-half of the loss being due to the waste of 
muscle. 

The fat disappears most rapidly; even as much as ninety-three per 
cent may be lost. The other organs show diminution of substance in the 
following order: liver, spleen, testicles, muscles, blood, intestines, skin, 
kidneys, and lungs. The heart, nervous system, and bones show the 
least loss of weight; but, according to the researches of Lehmann, Müller, 
Munk, Senator, and Zuntz, destruction of bone-tissue takes place during 
starvation, as is shown by the increase of calcium and phosphoric acid 
in the urine, following ingestion of water. In the blood there is a rapid 
diminution of the leucocytes (Luciani); the red blood-cells, on the other 
hand, may be relatively increased in number. The organs of animals 
dying from starvation show simple atrophy of the tissue-elements, par- 
ticularly of the liver (Lukjanow), hyperemia, scattered hemorrhages, 
degenerations, and inflammatory changes, especially in the intestine, 
liver, kidneys, and nervous system. 

In the case of total deprivation of food and water, death occurs in 
man after from seven to twelve days; bodily exercise hastens the end, 
ingestion of water may delay it markedly, so that some individuals have 
been enabled through the use of water to endure a period of total absti- 
nence from food for thirty days or longer, without dying or suffering 
permanent harm. The consumption of water leads to an increased ex- 
cretion of nitrogen in the urine. 

Life may be maintained for a long time upon insufficient nourish- 
ment, but a wasting of the body takes place which may lead to a condi- 
tion of extreme emaciation, marasmus, or cachexia, and finally to death. 
The same thing happens when the composition of the food is unsuitable 
and only a portion of the necessary food-elements is present in sufficient 
amount, so that the body is starved either in albumin, fat, salts, or 
water. Dogs deprived of all nitrogenous food die in from thirty-one 
to thirty-four days (Magendie). When the food is abundant but poor in 
albumin, there occur after a time (in dogs after six weeks) loss of appe- 
tite and repugnance toward the proffered food, with impairment of diges- 
tion and assimilation (Munk). This is especially the case when the food 
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is lacking in fat, less so when albumin or the carbohydraies are wanting. 
It is very probable that the lessened absorption is chiefly due to diminished 
secretion of the digestive juices, this being capable of quantitative de- 
monstration in the case of the bile. The feces are finally nearly desti- 
tute of bile. 

An insufficient supply of iron for a long period gives rise to ansmia 
and general disturbances of nutrition. 

If for experimental purposes an animal well supplied with food is to- 
tally deprived of water, there is a rapid loss of body-weight followed 
in from eight to twelve days by death. The pathological changes found 
in the different organs are similar to those resulting from starvation. 
They are caused partly by lack of water and insufficient absorption of 
food, and partly by the retention of harmful products of metabolism. 
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x 2. An unusual demand upon the functional activity of an organ 
for an extended period of time leads sooner or later to a state of exe 
haustion, which is, in part, due to the consumption of cell-substance, 
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and in part to the formation of toxic products of metabolism, whereby 
the organ is incapacitated for further extended activity. Most often 
the results of overwork are manifested in the muscles and nervous 
system in the form of such symptoms as soreness and stiffness of the 
muscles, mental excitement, sleeplessness, heavy feeling in the head, loss 
of appetite, great weakness, unnatural sweating, and sometimes fever. 
Overwork of the heart leading to exhaustion may cause death. This may 
occur either when the heart is for a short time taxed to the extreme limit 
of its power or when for a longer period it works slightly under its 
maximum capacity. If the exhausted tissues are permitted to rest and 
supplied with an abundance of nourishment, the loss of cell-material 
due to the excessive activity will be replaced, the products of metabol- 
ism, which are hindering the functional activity of the tissue, will be 
removed, and the part restored to its normal condition. 

If a tissue is frequently subjected to excessive functional demands, 
and if the periods of rest are too short to adımit of its complete restora- 
tion, there will result ultimately a condition of permanent functional in- 
sufficiency, a chronic exhaustion, which may under certain circumstances 
manifest itself in a degeneration or atrophy of the affected organ. For 
example, a muscle through overwork may become atrophic, and a brain 
too constantly stimulated to activity without proper periods of rest may 
finally reach such a state of weakness and exhaustion that it is incapable 
of performing even its normal function. Through rest and properly 
regulated nourishment such a brain may recover; but beyond a certain 
limit of exhaustion the functional insufficiency may become permanent 
and eventually manifest itself in anatomical changes. 

A very severe over-stimulation of the nervous system, even for a 
very short time, may under certain conditions lead to a paralysis of its 
functions, which, in case the heart and respiratory apparatus are af- 
fected, may cause death, but in the majority of cases is of a transitory 
nature. 

Overwork of any organ is more quickly followed by fatigue and 
functional insufficiency in the case of impaired nutrition. Fatigue and 
insufficiency of the heart are most frequently observed when the general 
nutrition is lowered, as in cases of fever, or when there is deficient oxy- 
genation of the blood, as in poorly compensated heart lesions or pulmo- 
nary diseases. 

It is very probable that overwork lowers the resistance of the body 
to various infections. 

When the functional demands upon a muscle or gland are only mod- 
erately increased, and if the nutrition is good and in proportion to the 
increase of labor, the affected tissue becomes hypertrophied, and is 
thereby enabled to perform the increased work permanently. 
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8 3. High temperatures may act, either through local destruction 07 
tissue (burning) or through overheating of the entire body. The latter 
condition is possible only when the body is exposed to an increased tem- 
perature for such atime that it cannot protect itself from overheating 
by increased heat-dispersion. In dry air of from:55-60° C. (131-140° 
F.) the most profuse perspiration is no longer able to protect: the body 
permanently from overheating, and in a moist atmosphere the same is 
true at even lower temperatures. 

If rabbits are placed in well-ventilated incubators at a temperature 
of 36—10° C. (96.5-104° F.), their body temperature will rise to 39-10° 
C. (102.3-104° F.), the respiration and pulse being at the same time 
greatly increased in frequency. A very marked elevation of body tem- 
perature may lead in one to three days to death through paralysis of the 
nervous and muscular systems, the chief symptoms being a marked in- 
crease of both respiration and heart’saction. If the increase of body tem- 
perature is not greater than 2-3° C. (3-5° F.), the animals may, if 
properly nourished, live from ten to thirty days or even longer, but they 
will lose in weight and ultimately die, showing before death a gradually 
increasing diminution of hemoglobin and of red blood-cells. Degenera- 
tive changes, particularly fatty degeneration, occur in the liver, kidneys, 
and heart-muscle. During the experiment there is an increased produc- 
tion of urea. 

If the human body is subjected to high temperatures, it may become 
overheated, and the condition known as heat-stroke may result. The 
pulse-rate is increased, the respiration very rapid and labored, the pupils 
are dilated, and finally death may occur as in the case of the animals 
made the subject of experiment. The occurrence of heat-stroke is 
favored by heavy bodily labor, interference with heat-dispersion through 
impermeable clothing, or by a lack of water in the body. 

The direct action of the rays of the sun upon the head may cause 
cerebral and meningeal irritation, a condition characterized by hy- 
peremia and inflammatory exudations, and known as sun-stroke or 
insolation. 

The local effects of heat upon the skin, burns, are, according to the 
intensity of the heat and the time of its duration, either hyperemia 
(burn of first degree), formation of a blister (second degree), tissue- 
eschar (third degree), or carbonization (fourth degree). The heat pro- 
duces local changes in the tissues, and kills them at a certain height of 
temperature or after a certain time of exposure to its action. 
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When a large part of the surface of the body, about one-third, is 
burned, the affected individual usually dies, even though the burn is 
only of a slight: degree and eschars are not formed. This phenomenon 
has been explained in various ways. Billroth, Foä, Mendel, and others 
believed the cause of death to lie in a suppression of perspiration and 
the resulting accumulation of toxic substances in the blood; while oth- 
ers, as Sonnenburg and Falk, sought the cause in a reflex lowering of 
vascular tone. In the foudroyant cases, according to Sonnenburg, the 
overheating of the blood causes paralysis of the heart. Ponfick, Klebs, 
von Lesser, and others, on the other hand, are of the opinion that the 
fatal issue is due to injury and destruction of the red blood-cells. Sil- 
bermann, Welti, and Salvioli also seek the cause of death in an injury to 
the blood, emphasizing, however, not so much the destruction of the red 
cells as the occurrence of stasis and coagulation of the blood in the 
vessels of different organs, which are interpreted as resulting from the 
changes in the blood. On the other hand, Kijanitzin and Parascandolo 
hold that there is formed in the bodies of burned individuals a poison 
(ptomain) which has an injurious effect upon the nervous system. 

The anatomical findings in fatal cases of superficial burns would in- 
dicate, when death has not resulted very quickly from the severe shock 
to the nervous system and the overheating of the body, that the cause 
of death is to be sought in the changes in the blood and in disturbances 
of the circulation. The blood-changes consist in destruction of the red 
blood-cells, or in such injury to them as to diminish their function and 
to give rise at the same time to a deposit of the products of destruction 
and of hemoglobin in the liver, spleen, and kidneys. The changes are 
further characterized by a tendency on the part of the blood to stasis 
and intravascular coagulation, through which vessels of both the pul- 
monary and the systemic circulation may be obstructed. In this con- 
nection should be mentioned also the fact that both during life and after 
death venous stasis and hemorrhages, as well as arterial anzmia, are oc- 
casionally observed, and that local tissue-degenerations and necrosis may 
occur in certain organs, as, for example, in the kidneys, liver, mucosa 
of the stomach and intestine, bones, and soft parts. 

Low temperatures act in the same manner as high ones, in part 
through local injury and death of tissues, in part through refrigeration 
of the entire body. Severe and lasting lowering of temperature causes 
tissue death; after mild chilling there occur, as the result of tissue-de- 
generation, thrombosis, hyperemia, and exudations which are relatively 
rich in leucocytes. A very short refrigeration at the freezing-point is 
sufficient to produce degenerative changes which are quickly followed by 
regenerative proliferation on the part of the cells remaining uninjured. 
Epithelial thickenings may be produced (Fuerst) by repeated slight re- 
frigerations (as well as by repeated slight increase of temperature). 
The tips of the extremities, nose, and ears are the most easily frozen. 
After repeated chillings of mild degree inflammatory redness and swell- 
ing of the skin, associated with severe itching, often occur (chilblains, 
perniones). 

If the temperature of the entire body be markedly lowered, a condi- 
tion of general paralysis results from the diminished excitability of the 
tissues, the nervous system and heart being especially affected. The 
sensorium becomes dulled, the heart-beat and respiration gradually grow 
weaker, and finally cease entirely. If the body be again warmed, be- 
fore the excitability of the tissues is wholly lost, the power of movement 
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in the limbs is gradually restored, and after a time consciousness re- 
turns. Inman, instances of complete recovery have been observed, even 
after refrigeration of the body to from 24-30° C. (75-86° F.). 

Besides the more severe forms of local or general lowering of the tis- 
sue temperature there may occur, as harmful pathogenic influences, mild 
general or local chillings, the so-called colds, as the result of which dis- 
ease- phenomena may manifest themselves partly at the seat of chilling, 
partly in organs in distant parts of the body. For example, after wide- 
spread refrigeration of the skin there may occur diarrhea, catarrh of the 
respiratory tract, or disease of the kidneys; after local chilling of the 
skin, painful affections of the deep-seated muscles. The exact relation 
between these phenomena and the refrigeration is unknown (the oft-re- 
peated hypothesis that they are due to hyperemia of the internal organs 
caused by the chilling of the body-surface has not been proved), but 
there is no reason on this account to deny the existence of diseases caused 
by cold. Though many diseases formerly attributed to “catching cold” 
have been shown to be of infectious origin, there yet remain a number 
of diseased conditions for which we know no other etiology than that of 
refrigeration. Conditions of the body in which the skin is hyperemic 
and the perspiratory function active favor the taking of cold. Many in- 
dividuals appear to possess a predisposition on the part of certain tissues 
to the effects of refrigeration; in one person certain muscles, in another 
the mucous membranes will be affected. 

According to the view of many writers, refrigeration of the body 
increases the susceptibility to infection, so that, for example, the patho- 
genic bacteria which may be present in those cavities of the body acces- 
sible from without may, after such refrigeration, be able to exert their 
injurious influences upon the tissues. 


According to Pflüger and others, all the vital processes may be brought to a stand- 
still through refrigeration, without its being impossible for a recovery to take place 
from the apparent death. This may happen even when the animal is frozen to a solid 
mass. Preyer also holds the opinion that the continuity of life may be wholly inter- 
rupted by refrigeration, and designates subjects who are thus “lifeless,” but still capa- 
ble of living, as anabiotic. Frogs are said to remain capable of life for many hours 
even though the temperature be reduced to —2.5° C., at which temperature the heart 
is frozen. According to the investigations of Aoch, such anabiosis of solidly frozen 
animals is possible when only a portion of the water contained in the body of the ani- 
mal is frozen and when the thawing process takes place slowly. In the case of rapid 
thawing strong diffusion currents are set up between the water coming from the ice- 
crvstals and the concentrated albuminous solutions of the blood and the tissues; and 
these currents may exert a damaging effect upon the latter. 

According tothe investigations of J. Dewar (Proc. of the Royal Suc., London, 1900), 
the seeds of wheat, barley, mustard, peas, and pumpkins do not lose their germina- 
tive power when put into liquid hydrogen; that is, in a temperature of —250’. 
Further, the protoplasm under these conditions was not changed by the cold. 
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§ 4. A sudden lowering of atmospheric pressure, as in the case of 
mountain-climbing and balloon ascents, may cause conditions of great 
exhaustion, with marked palpitation of the heart, unconsciousness, ir- 
regular breathing, and sometimes vomiting, and bleeding from the gums 
and lips. These symptoms depend most probably upon a lack of oxygen 
(P. Bert), the capillaries of the lung being unable to take up sufficient 
oxygen from the highly rarefied air. According to the investigations of 
Schumburg and Zuntz, it appears that a given amount of labor calls for 
a greater amount of oxygen at an increased elevation than at a lower 
level. The symptoms of mountain-sickness appear at a lower elevation 
than those of balloon-sickness, owing to the demands made upon the 
muscles in the former case during the climbing. During the building of 
the Gorner Grat Railway it was found that at a height of 2,700-3,000 
metres the capacity of the laborers was diminished to a third. The oc- 
currence of hemorrhages is probably due to the formation of fissures in 
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the mucous membranes, caused by drying due to the rapid evaporation 
(Hoppe-Seyler, von Recklinghausen). 

According to the researches of Egger, Miescher, and others, a sojourn 
in high altitudes leads, after a short time, to an increase in the number 
of red cells and a greater hemoglobin-content of the blood. 

Schaumann and Rosenquist hold that the same phenomenon may be 
observed in animals confined for some time in bell-jars at a lower atmos- 
pheric pressure. Other authors (Schumburg, Zuntz, Gottstein) oppose 
this view, and maintain that the phenomenon is due either to a thicken- 
ing of the blood from loss of water and to changes in the distribution of 
the blood, or to changes in volume of the: measuring-apparatus; they 
endeavor to explain the favorable effects which many individuals expe- 
rience from a residence at high altitudes by certain stimulating influ- 
ences (greater exposure to sun’s rays) which affect the nervous system 
and cause increased metabolism. According to Marti, intense and pro- 
longed irradiation of the body stimulates the formation of red blood-cells 
and to a lesser degree also that of the hemoglobin. 

A sojourn in diving-bells or caissons, such as are employed in build- 
ing operations beneath the water, in which the atmospheric pressure is 
increased, under certain conditions, as high as four atmospheres or even 
greater, causes a slight difficulty in breathing and a relatively unimpor- 
tant increase of the pulse-rate. If a change be made quickly from the 
compressed atmosphere to air of ordinary pressure, there may occur 
within an hour a condition of great fatigue, tightness of the chest, ring- 
ing of the ears, cramps in the muscles, pains in the joints and limbs, 
hzmorrhages from the nose, ears, and lungs, dilatation of the pupils, and 
under certain conditions paralysis, coma, delirium, and even death after 
an interval of from one to twenty days. The cause of these phenomena 
is probably to be found in the sudden escape from the blood of nitrogen 
which had been absorbed under the high pressure (von Leyden), or in an 
obstruction of the blood-vessels of the spinal cord through the formation 
of gas-bubbles (Hoche). According to experimental investigations of 
Heller, Mager, and von Schrotter, the blood, after rapid removal of 
pressure, contains free gas (almost exclusiv ely nitrogen), so that free gas 
circulates in the blood. The researches of von Leyden and von Niki- 
foroff show that in fatal cases associated with paralysis areas of de- 
generation are found in the white columns of the spinal cord, in which 
individual nerve-fibres are torn apart, presenting marked changes in the 
forin of swelling of the axis-cylinders, disintegration of the medullary 
sheaths, and the formation of vacuoles in the place of the nerve-fibres. 
These disturbances are regarded as due to the production of gas-bubbles 
within the spinal cord. If the gray matter is involved, the ganglion- 
cells may also degenerate. 

Changes in the electrical condition of the atmosphere and in the 
magnetic state of the earth produce no demonstrable changes in the hu- 
man body; on the other hand, electric discharges, as lightning-stroke, 
may cause, in part, local burns (Fig. 1), and, in part, lesions of the 
whole body. Under certain circumstances lightning-stroke causes lacer- 
ation of internal organs, as, for example, of the heart and liver. The 
most frequent and important effect of lightning-stroke is a paralysis of 
the nervous system, which gives rise to a severe dyspnea, which may 
be fatal after a few minutes or hours or which may gradually pass away 
after several hours, days, or weeks. Only rarely do individual nerve- 
trunks remain permanently paralyzed. <A transitory paralysis may oc- 
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cur when the electrical discharge has not passed through the body but 
has descended in its neighborhood. 

In individuals who have been struck by lightning there may be found 
slight or severe burns of the skin corresponding to the points of entrance 
and exit of the current, and various injuries to the tissues in the course 
of its path through the body. The marks of the burn are for the greater 
part red, and form peculiar branching 
zigzag lines, the so-called lightning fig- 
ures (Fig. 1), which are essentially a hy- 
peremia, and soon disappear if the burns 
are not severe. 

The passage of powerful electric 
currents of high tension, such as are 
generated by dynamos, through the hu- 
man body, as may happen when an in- 
dividual is placed in a circuit or comes 
into contact with an uninsulated con- 
ductor, may give rise to severe disturb- 
ances or cause death. According to 
Kratter, the lower limit of danger occurs 
at a tension of about five hundred volts. 
Alternating currents are much more 
dangerous than continuous ones of the 
same strength and teusion. When the 
effects are not fatal, the injured person 
is suddenly rendered unconscious, this 
condition lasting for a few minutes or 

Fic. 1.—Lightning-Agures on the shoul Several hours, and for several days after- 

Sch nrenst and arm of a woman struck by ward symptoms of vertigo, prostration, 

headache, and palpitation of the heart 

may persist (Kratter). At the points of contact more or less severe 
burns are produced. 

In fatal cases, death takes place suddenly or rarely after ten or thirty 
minutes. The autopsy findings, aside from the burns at the points of con- 
tact, are evidences of suffocation and hypervenosity of the blood, stasis 
of the blood within the thoracic vessels, and often small scattered 
hemorrhages which are due partly to suffocation, and partly to the 
direct action of the current. The cause of death is paralysis of the cen- 
tre governing the respiration or the heart’s action. 
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2. The Origin of Disease through Mechanical Influences. 


$5. Traumatic influences of various kinds leading to concussion, 
bruising, and laceration of tissue are of very frequent occurrence, and 
act partly through the tearing and destruction of tissue, partly through 
changes in tissue-organization not recognizable to the naked eve, and 
partly through lesions and ruptures of the blood- and lymph-vessels, and 
through irritation and paralysis of nerves. The sequel are partly 
necrosis and destruction of tissue, partly disturbances of circulation, inflam- 
mation, and regenerative proliferations. Frequently repeated mechanical 
traumatisms of slight degree, such as rubbing, may give rise to congestive 
hyperemia and inflammations, which may lead further to hyperplastic 
growths of tissue. If large quantities of insoluble dust particles are con- 
tinuously taken into the lungs, extensive changes may occur in these or- 
fans and, under certain circumstances, in other organs. Asa result of 
prolonged pressure and diminution of space, atrophy of an organ or tissue 
may occur (corset-liver). 

After a single or after frequently repeated trauma, there may de- 
velop under certain conditions at present unknown to us, malignant new- 
formations of tissue called tumors. Trauma may further pave the way 
for an infection, either in that the wound caused by the trauma is in- 
‚freted at the time of injury or is secondarily infected from without ; or that 
micro-organisms were previously present in the body under conditions in- 
hibiting their growth, and these find in the injured tissues a suitable soil for 
growth, so that to the trauma an infection is joined. 
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Traumatic influences affect, first of all, the external parts of the 
body ; but it may happen, either with or without visible injury to ex- 
ternal parts, that internal organs may be injured, and the internal 
lacerations, necroses, and hemorrhages thus produced may be followed, 
not only by inflammations and reparative tissue proliferations, but alsc 
by malignant neoplasms (as, for example, after fractures of bones), and 
by infective processes. 

Mechanical lesions (also thermal, electrical, and corrosive) run a spe: 
cial course, if through the local injury the nervous system becomes in. 
volved. Such involvement occurs either through the direct action o! 
the trauma upon the central nervous system; or, by the stimulation oi 
the sensory or sympathetic nerves, the central nervous system may lt 
so affected that a number of additional nervous symptoms follow. 

If the direct concussion of the cranium ‘is followed by paralysis o: 
the cerebral function and unconsciousness, the condition is termec 
commotio cerebri or cerebral concussion. This term is especially use« 
when the trauma has produced no visible changes in the structure of thx 
brain, or at least none of any size or importance. 

Excessive stimulation of the peripheral nerves may cause a reflex in 
hibition or paralysis, involving chiefly the functions of the heart an 
respiratory apparatus; the symptoms thus produced being collectivel: 
designated as shock. The most frequent causes of shock are injuries t: 
the spinal column, abdominal cavity, and scrotum, less frequently t 
the extremities and thorax. Further, shock may be caused by light 
ning-stroke, burns, corrosions of the skin, fear, and psychical emotion 
through whatever avenue of perception they may be called forth. In 
dividuals whose nervous systems are in a certain condition of excitemen 
are especially liable to shock; conditions of narcosis and drunkennes 
inhibit its occurrence. 

Shock is characterized chiefly by weakened energy on the part of th 
heart and irregular breathing, which lead to a decrease in the inte1 
change of gases in the tissues and to a lowering of the temperature; as 
result, the venous blood in persons dying of shock is lighter in color tha 
the normal venous blood (Roger). The consciousness is usually pre 
served, the skin and visible mucous membranes are pale, the puls 
is small and markedly quickened, often irregular and intermitten! 
Further, the individual suffering from shock may be either excitec 
groan, shriek, and complain of a fearful anxiety associated wit 
dyspnoea (erethistic shock); or he may lie quiet, with sunken countenanc 
and exhibit evidences of great weakness of both sensory and motor fun 
tions (torpid shock). Insevere cases death takes place from the stoppag 
of the heart and cessation of respiration. 

Shock, in being due to the over-stimulation of the peripheral nerve 
is closely allied etiologically to the phenomenon known as syncope; bt 
the last-named condition differs essentially from shock in that its chic 
symptom is a transitory loss of consciousness, while the functions of tt 
heart and respiration show no marked disturbance. Syncope is, furthe 
usually preceded by prodromal symptoms, such as dizziness, ringing i 
the ear, and darkening of the visual field, these being absent in shock. 

Not infrequently, following an injury to some part of the body, the 
may arise a more or less pronounced functional disturbance of the ne 
vous system, which may often persist long after the local injury hi: 
healed, so that such disturbance is in no way dependent upon anatomic 
changes in the peripheral or central nervous system, but must be r 
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garded as a purely functional disturbance of psychical origin. Such condi- 
tions are termed traumatic neuroses or accident nervous diseases, and 
are characterized chiefly by subjective but in part also by objective symp- 
toms. To the first belong especially pains not definitely localized at 
the seat of injury, as headache, pain in the chest, backache, difficulty 
in movement, general lassitude, inability to perform mental labor, dul- 
ness of perception, disturbances of sight, flashes before the.eyes, dizzi- 
ness, restless sleep, loss of appetite, and disturbances of digestion. With 
these last symptoms are associated (Oppenheim, Strümpell) psychical 
depression of a hypochondriacal or melancholic character, irregularly 
placed areas of cutaneous anesthesia, enfeeblement of the senses of taste, 
hearing, and smell, motor paralysis, cramps, and hyperesthesia, concen- 
trie narrowing of the visual field, pareses, muscular spasms, tremors, 
acceleration of the pulse, apd tendency to sweating. 

According to the opinion of various writers, these phenomena de- 
pend essentially upon a psychical shattering of the perceptive life, a 
psychoneurosis which is less often due to the trauma and the associated 
psychical shock than to the resulting anxiety over health and business 
matters. The condition in part partakes of the nature of hysteria, as 
characterized by a disturbance of the normal relation between the men- 
tal and bodily processes; in part of hypochondria, as recognized by the 
spontaneous occurrence of abnormal sensations; and in part of a neuras- 
thenia, which reveals itself by the production of abnormal pathological 
sensations through slight stimulation or exertion. If the will no longer 
controls the motor centres, hysterical paralyses arise; if the normal con- 
trol and inhibition of the will are lost, so that unreasonable will-stimuli 
are created and influence the muscles, hysterical twitchings, contract- 
ures, or convulsions take place. If a nervous stimulus arising in the 
sensory tract fails to reach the consciousness, there follows a hysterical 
anesthesia; if there arise in the consciousness the images of expected 
or feared sensations, and if these images are intensified into actual sub- 
jective stimuli of consciousness, hysterical pains and neuralgias result 
(Strümpell). 


Rusenbach designates as kinetoses those diseases which arise when energetic and 
continuous movements of the body in one direction are changed into the opposite direc- 
tion, so that a shifting of the internal organs results. In this class belong the patho- 
lugical phenomena observed in seastckness, and in the conditions caused by see-sauwing. 
whirling. morement in a vertical direction, and sudden stoppage of motion. Asa result of 
the rapid change in direction of bodily motion, the molecules which are moving in the 
line of the primary direction are forced to move in the opposite direction; and, ac- 
cording to Rosenbach, such a change is sufficient to cause more or less important molec- 
ular disturbance. He explains the symptoms of seasickness, as, for example, the ab- 
normal secretion of the stomach. the increase of intestinal peristalsis, the vomiting, etc., 
as the results of purely mechanical influences on the tissues, and believes that the 
liver, intestine, brain, and nerve-plexuses are similarly affected through mechanical in- 
fluences acting upon their protoplasm. Further, purely psychical influences excited 
by feelings of discomfort may aid in the production of seasickness, just as disgust, 
fright, or fear may cause dizziness. 
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3. The Origin of Disease through Intoxication. 


§ 6. By poisoning or intoxication is meant that impairment of health, 
caused by the injury to a tissue, which certain substances, by virtue of their 
chemical nature, are able to produce under certain conditions. Such sub- 
stances are termed poisons, and are derived partly from the mineral 
kingdom, partly from the vegetable, and partly from the animal king- 
dom. They may occur in a natural state or they may be produced ar- 
tificially from inorganic or organic substances, which may be either 
non-poisonous or possess quite different properties. Many of the most 
important poisons are products of either plant or animal life, and are 
formed either within the tissues of the plant or animal, or from their 
food-supply by the transformation of substances which are either inert 
or possess an entirely different action. 

The most important poisons belonging to the mineral kingdom or ıchich are 
produced from minerals are: metallic mercury, chlorine, bromine, iodine, 
sulphur, and various combinations of these substances, different combi- 
nations of arsenic, antimony, lead, barium, iron, copper, silver, zinc, 
potassium, sodium, chromium, ete. Of the poisons containing carbon, 
which are artificially produced, the most important are: chloroform, 
chloral hydrate, ether, alcohol, iodoform, carbon bisulphide, hydro- 
cyanic acid, potassium cyanide, oxalic acid, nitroglycerin, amy] nitrite, 
petroleum, carbolic acid, nitrobenzole, picric acid, and aniline. It may 
be observed in this connection that modern chemistry is constantly pro- 
ducing new substances, some of which are poisons. 

Of the poisons produced by plants of the higher order, those of chief im- 
portance are: the vegetable alkaloids, such as morphine, quinine, colchicine, 
atropine, hyoscyamine, veratrine, strychnine, curarine, solanine, nico- 
tine, digitaline, santonin, aconitine, cocaine, coniine, muscarine, and 
ergotine, all of which in relatively small doses may cause poisoning. 

The lower forms of plant life, especially bacteria, produce an extraordi- 
nary variety of both poisonous and non-poisonous substances, out of the food 
material (albuminous bodies) in which they develop. Some of these sub- 
stances are similar to the vegetable alkaloids, others to the ferments, 
and are therefore designated toxic cadaveric alkaloids, toxic ptomains, 
toxins, toxalbumins, and toxenzymes (compare § 10). It may happen that 
the blood, flesh, or any organ of a healthy animal may acquire poisonous 
properties as a result of changes set up in it through the growth of bac- 
teria. Such diseases due to bacterial poisons in the food are known as 
botulismus, sausage, meat, fish, and cheese poisoning. These conditions are 
to be explained, in part, by the growth of germs in the food-stuff and 
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the formation of toxic products out of the albuminous bodies; in part by 
the fact that germs were present in the tissues of the animal before 
death, the animal being slaughtered while diseased, and the use of its 
flesh as food causes either poisoning or the same disease as that affect- 
ing the animal. Under certain conditions foods which are not spoiled 
may already contain bacteria, and these may develop in the intestine of 
the individual eating the food and cause poisoning through the produc- 
tion of toxins, toxalbumins, or enzymes. 

According to Lombroso, the disease pellagra, which is of common oc- 
currence in Italy, Roumania, and Greece, is caused by the eating of 
decomposed corn. The disease kakké or beri-beri, which is endemic in 
Japan, is regarded by Miura and Yamagiva as due to the extended use 
of rice which has been spoiled in drying. 

Among the animals which normally produce poisons within certain tissues 
of their bodies, the best known are: serpents, toads, salamanders, fish, 
mussels, oysters, scorpions, Spanish flies, and many stinging insects. 
Certain forms of sea-fish are poisonous at all times, others only at cer- 
tain periods, and observations have been made particularly of such fish 
found in Japanese waters. According to Saotschenko, the poison of 
many poisonous fishes is secreted by certain skin-glands found at the 
roots of the dorsal and caudal fins, and may be found also in the eggs 
of such fish. According to Remy, Miura, and Takesaki, the poison is 
secreted in the sexual glands alone in the case of the poisonous fish be- 
longing to the family Gymnodontes (tetrodons). According to Mosso, 
there is found in the blood-serum of eels a toxic substance (ichthytoxin) 
which, when introduced into the small intestine of animals experimen- 
tally, causes symptoms of poisoning and may kill the animal. The ob- 
servations made of cases of poisoning from the eating of mollusks occur- 
ring some years ago at Wilhelmshafen excited general interest; in these 
cases it was found that the eating of mussels ( Mytilus edulis) caused severe 
illness, resulting in some cases in death. 

According to M. Wolff, the liver of mussels contains the poison; its 
action, according to Schmidtmann, Virchow, Salkowski, and Brieger, is 
similar to that of curare. Brieger has also shown that from the poison- 
ous mussels there can be obtained basic substances closely related to 
ptomains, the basic products of decomposition. To what extent the 
causes of the production of poisons in poisonous fishes and mollusks are 
to be ascribed to normal, and to what extent to pathological processes 
of life, cannot at the present time be always decided. From the fact 
that the mussels and oysters are poisonous only in certain places where 
the water is impure, and as the starfish found in the same localities are 
similarly affected, it is probable that the poisonous action of these mol- 
lusks may in part be due to their contamination with bacteria or to the 
occurrence of certain diseased conditions. 

It is difficult to give an exact definition of poison and poisoning, since the action 
of the substances considered in this connection varies greatly according to the dose and 
attennation, as well as the method of introduction into the tissues of the body. The 
most powerful poisons when introduced in minute doses may not only be harmless, 
but may exert a beneficial or curative effect. On the other hand, substances which are 
not usually classed with the poisons, such as the non-corrosive sodium salts, when in- 
troduced into the body in large quantities or in concentrated solutions, may produce 
effects which must be regarded as of the nature of poisoning. Further, poisons in cer- 
tain dilutions (phenol) may serve as food-material. In the definition given above I 
have followed Aodert. and in the brief survey over the action of poisons contained in 
the succeeding paragraphs I have made much use of his “Textbook on Intoxications,” 
published in 1893. 
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Snake-poison is formed exclusively in the poison-glands located above tlıe angle of 
the mouth. It is a greenish or yellowish fluid, the virulency of which is not affected by 
desiccation or preservation in alcohol. The active principle is a toxalbumin. 
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§ 7. Poisons may be divided according to their action into three 
groups: first, those producing local tissue-changes; second, those acting 
injuriously upon the blood; third, those affecting chiefly the nervous 
system and the heart without producing recognizable anatomical lesions. 

The poisons which cause marked local lesions injure primarily the 
- tissues with which they first come into contact upon entering the body. 
If such poisons are diffused by means of the body-fluids, the most 
diverse organs and tissues may be injured; but their action is usually 
limited to that organ in which they are stored up or through which 
they are excreted, especially the liver, intestine, and kidneys. 

The primary seat of injury is most often the mucosa of the upper 
portion of the intestinal tract and the respiratory passages, but in many 
cases the skin is first affected. Very frequently poisons, which are em- 
ployed for disinfecting, are brought into contact with wounds for the 
purpose of killing bacteria or preventing their growth, and in this way 
may cause local changes or may be absorbed and damage the internal or- 
gaus or the entire body. 

The first great group of poisons belonging to this class are those which 
cause marked tissue-changes at the primary point of contact, which are 
similar to those of burns, and for this reason have been designated 
caustics or corrosives. If the action of a caustic reaches its most char- 
acteristic severity, the affected tissue will be wholly destroyed and con- 
verted into either a dry, hard eschar, or under certain conditions into a 
moist, soft one. If the action is of moderate intensity as the result of 
a less concentrated solution of the caustic agent, or of incomplete action 
of the chemical even when applied in strong solution or in substance, 
or because the tissue itself is more resistant. as in the case of the skin, the 
changes produced are much less severe, and are characterized by red- 
ness, swelling, inflammation, and hemorrhages. Very diverse changes 
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are often found in the same organ, such as local sloughing (necroses), 
hemorrhages, inflammations, and small swellings due to local hyperzmia. 
If the changes have existed for some time, the local eschars are sur- 
rounded by a more or less marked inflammatory zone, which in the case 
of certain caustics may be of very limited exent. 

The substances belonging to the class of caustic poisons are: first, the 
corrosive acids, sulphuric, nitric, hydrochloric, phosphoric, oxalic, arse- 
nic, arsenious, osmic, acetic, lactic, trichloracetic, carbolic, and salicylic 
acids; and further, the corrosive combinations of the alkalies and alka- 
line earths, potassium and sodium hydroxide (watery solutions of KOH 
and NaOH), caustic ammonia (solution of NH, in water), ammonium 
carbonate, caustic lime, and barium sulphate. Belonging in this class 
are also certain corrosive salts, chiefly of the heavy metals, such as salts 
of antimony (tartar emetic and antimony trichloride), salts of mercury 
(corrosive sublimate and red precipitate), nitrate of silver, zinc chloride, 
zinc sulphate, copper sulphate and copper acetate, aluminum acetate, 
potassium chromate and bichromate, and chloride of iron. 

The poisons belonging to this class derived from animals are: cantharidin, 
from the beetle Lytta vesicatoria ; phrynin, the secretion from the cutane- 
ous glands (parotid) of the toad; the secretions from the poison-glands 
of snakes and scorpions; the secretion of the sting-glands of bees, wasps, 
and hornets; the secretion of the salivary glands of stinging-gnats, flies, 
and gad-flies; and the secretion of the poison-glands of the maxillary 
palpz of spiders (tarantula)—all of which cause local necrosis or in- 
flammation. Many of the higher plants produce in their blossoms, seeds, 
stems, or roots substances which, when brought into contact with the 
tissues, cause local irritation and inflammation, as, for example, daphne, 
different forms of Ranunculus, varieties of anemone, marsh-marigold, 
different varieties of Calla, dragon-root, Croton tiglii (from the seeds of 
which croton-oil is obtained), buckthorn (Rhamnus cathartica), black 
elder (Rhamnus frangula). 

The nature of the local changes which these substances and many 
others not mentioned here produce is naturally very varied, and is 
dependent partly upon the activity of the poison, and partly upon the 
location and manner of application. The mineral acids, solutions of 
caustic potash and mercuric chloride, when concentrated, cause marked tis- 
sue-eschars, associated with hemorrhagic inflammations, especially when 
taken into the stomach. Through the action of acids there is a marked 
withdrawal of the alkaline constituents of the body fluids, leading to dis- 
turbances of respiration and circulation. The venom of snakes, which 
belongs to the toxalbumins, causes usually severe local inflammations 
and hemorrhages, which often extend far beyond the region of the bite; 
and sometimes may cause also a widespread gangrene. There are also 
snake-venoms which produce only insignificant local changes, the general 
symptoms of poisoning being much more prominent. The volatile or 
gaseous poisons, which in the form of gas or vapor cause local irritation 
of the tissues, affect chiefly the mucous membranes of the eye and 
respiratory tract (irrespirable gases). To this class belong especially the 
fumes of ammonia, chlorine, sulphurous acid, nitric oxide, nitric diox- 
ide, nitric trioxide, osmic acid, and mustard oil. The intensity of action 
of these poisons is very varied, often causing only a transitory hypersemia, 
but being able also to give rise to tissue necrosis and severe inflamma- 
tion. The irritation of the respiratory tract gives rise to coughing and 
a spasmodic narrowing of the glottis which may interfere with breathing. 
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To the local irritation and inflammation caused by these poisons at 
the primary seat of contact may be added further effects upon internal 
organs. After the absorption of these poisons into the fluids of the 
body, those organs suffer most in which the poison is stored up or 
elaborated, though organs of the most varied structure may be affected, 
as well as those not concerned in the excretion of the poison. In the case 
of certain poisons, the changes at the point of entrance are very slight and 
often not recognizable, the important anatomical lesions occurring first 
in other tissues, to which the poison has been carried by the blood. 
Finally, a given poison may act also as a nerve and heart poison, so that 
clinically the effects of this action are much more prominent than the 
local lesion. In poisoning with corrosive sublimate, cell necrosis takes 
place in the secreting part of the kidneys, and there is also severe in- 
flammation of the colon. The salts of chromic acid, cantharidin, and 
many acids cause more or less marked degeneration and inflammation in 
the secreting portion of the kidney and in the urinary p 

Phosphorus, arsenic, antimony, and pulegon, which have I but slight 
corrosive action, produce tissue-degenerations, particularly fatty degen- 
eration, and also hemorrhages, in the liver, heart, muscles, bone-mar- 
row, and capillaries of different organs, these changes being particularly 
marked in cases of phosphorus poisoning. 

If an individual is exposed for months or years to the fumes of yellow 
phosphorus, there may take place an inflammation of the jaw bones lead- 
ing to necrosis, but only when the occurrence of inflammatory changes 
is favored by other causes, such as putrid decomposition in the mouth or 
the presence of decaying teeth. 

The long-continued use of silver nitrate may be followed by a deposit 
of black granules of silver in the most diverse tissues, the skin, kidneys, 
intestinal villi, and the choroid plexus. 

The venom of snakes possesses, in addition to its local effects, a para- 
lyzing action upon the nervous system and heart, and may cause death 
through paralysis of the respiratory centre. 

Soluble salts of lead when ingested may cause irritation and inflam- 
mation of the intestine, with such symptoms as vomiting, diarrhea, 
constipation, cramps in the stomach, associated with such nervous phe- 
nomena as anesthesia, motor paralysis, convulsions, vertigo, and loss 
of consciousness. When ingested continuously for a long time, lead 
gives rise to general disturbances of nutrition, intestinal colic, pains in 
the limbs, anzsthesias, motor paralyses, cerebral disturbances, and kid- 
ney disease. These disturbances are without doubt dependent upon the 
distribution and deposit of lead throughout the body, leading to anatom- 
ical lesions of varied nature. 

The active principles of ergot (Secale cornutum), sphacelinie acid and 
cornutin, when taken in large doses, as when eaten in bread, cause itch- 
ing, pain, and cramps in the limbs, followed by numbness and feeling 
of cold in the toes and finger-tips, and finally there may occur a more 
or less extensive gangrene of these parts (ergotism, * Kribbelkrankheit ”’) ; 
at the same time ulceration of the intestine may occur. In cases of 
chronic poisoning, degenerations of the spinal cord take place (Tuczek). 
The feeding of chickens with ergot causes gangrene of the comb through 
the production of stasis and hyaline thrombosis in the blood-vessels. In 
animals fed for along time with ergot degenerative changes are found 
in the central and peripheral nervous system, in the blood-corpuscles, 
and in the endothelium of the blood-vessels (Grigorjeff). 
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§ 8. The poisons which affect the blood chiefly, and are therefore termed 
blood-poisons, are partly gases and partly fixed substances. The latter 
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are absorbed chiefly from the intestine, but they may also enter the body 
through wounds, or they may be injected directly into the blood-vessels. 
Some of the blood-poisons may also produce local lesions in the tissue at 
point of entrance; further, there may be joined to the action on the 
blood a direct effect upon the nervous system, which under certain con- 
ditions may cause death before the action upon the blood is recogniz- 
able. Finally, it should be emphasized that the blood-changes produced 
by the poison may cause numerous secondary changes in different or- 
gaus, for instance, in the kidneys, liver, intestine, and brain. 

The most important blood-poison is carbon monoxide gas, in that it 
very frequently leads to more or less serious or fatal poisoning, through 
its action on the blood. Such poisoning most often results from the car- 
bon monoxide in coal- or illuminating-gas, but may occur under other 
conditions, as in the case of the vapors produced by gun-powder or gun- 
cotton. 

The effects of the inhalation of carbon monoxide result from the com- 
bination of the gas with the hemoglobin of the blood and the formation 
of carbon-monoxide-hemoglobin. The amount of oxygen combined 
with the hemoglobin is thereby decreased, and the taking up of oxygen 
is reduced, even when the respired air contains only 0.05 per cent or 
even 0.02 per cent of CO (Gruber). The red blood-cells themselves 
present no changes. A sudden supply of carbon monoxide to the ner- 
vous system may cause direct injury to the nerves, giving rise to convul- 
sions and later to paralysis (Geppert). In cases of long-continued 
poisoning the displacement of the oxygen from the greater portion of 
the red cells leads to tissue-asphyxia. If the affected individual does 
not die, there may result, in addition to the poisoning, severe disturb- 
ances of nutrition, occurring especially in the nervous system. The 
poisoning itself is characterized by headache, tinnitus aurium, vertigo, 
malaise, vomiting, fainting, convulsions, paralysis, and coma. The 
blood, as a result of the presence of carbon monoxide, becomes a bright 
violet or cherry-red color, so that the hyperemic skin and internal or- 
gans also appear bright red. 

A second not infrequent form of poisoning is that caused by hydro- 
cyanic acid (CNH ) and potassium cyanide (CNK'), the latter being much 
used in certain technical arts. In general, hydrocyanic acid is found in 
unstable combination in the leaves, bark, and seeds of many plants (bit- 
ter almonds, cherry- and peach-stones, apple-seeds, leaves of the laurel, 
bark of Prunus padus, tubers of many of the Euphorbiacee, flaxseed, 
ete. ). 

Hydrocyanic acid possesses a double action. In relatively small 
doses it exerts a paralyzing action upon the central nervous system, 
death following in a very short time, even after a few seconds, from the 
paralysis of the centres of respiration and circulation. In addition, 
there is an effect upon the blood and tissues, depriving them of their 
power to combine and use the oxygen brought to them (Geppert), so 
that the organs suffocate in the presence of oxygen. According to 
Kobert, a cyan-methemoglobin is formed which is of a bright-red color, 
and gives to the hypostatic spots of the cadaver a bright red ap- 
pearance. 

A third substance belonging to this group of poisons is hydrogen 
sulphide (H,S), which may be present in the gas of sewers and dung-pits. 
When inhaled in large amounts, it may cause sudden death from paraly- 
sis of the nervous system. When hydrogen sulphide is for some time 
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brought into contact with blood containing oxygen (as is usually the case 
in decomposing cadavers), a sulphur-methemoglobin is formed, which 
gives to the blood a greenish color. 

Carbon monoxide, hydrocyanic acid, hydrogen sulphide, aside from 
their direct action on the nervous system, produce deleterious effects, 
chiefly, according to the statements made, in decreasing the functional 
powers of the red blood-cells, by combining with their hemoglobin. 

Another large group of puisons affect the blood chiefly, by the destruction 
of the red blood-cells, and the formation of methemoglobin, a combination of 
oxygen with the hemoglobin in the same proportion as in oxyhemo- 
globin, but in which the oxygen is much more firmly held than in the case 
of the latter. Such an action is produced by various oxidizing sub- 
stances (ozone, iodine, sodium hypochloride, chlorates, nitrites, and ni- 
trates); by reducing agents (nascent hydrogen, palladium hydride, pyro- 
gallol, pyrocatechin, hydrochinon, and alloxanthin); also by substances 
which have neither a reducing nor oxidizing action (salts of aniline and 
toluidin, acetanilid). In the change from hemoglobin to methemo- 
globin, oxyhzemoglobin is present as an intermediate stage. 

The formation of methemoglobin can occur either in the red blood- 
cells or in the hemoglobin which has escaped into the blood-plasma; but 
the destruction of the blood-cells and the escape of hemoglobin into the 
plasma are not always followed by the formation of methsmoglobin. 
In the case of a marked destruction of red cells, as in poisoning from 
phallin, helvellic acid, arseniuretted hydrogen, only a portion of the 
hemoglobin is changed into methemoglobin. Hemoglobin and oxyhe- 
moglobin have a red color, methemoglobin a sepia-brown. 

Dissolution of the red blood-cells and the formation of methzmo- 
globin occur in the case of a part of those poisons causing local tissue- 
changes, as in poisoning with acids, metallic salts, phosphorus, and 
arsenic, but the property of attacking the red cells and changing the col- 
oring-matter belongs also to a large class of other substances. 

Phallin, a toxalbumin present in certain mushrooms (Amanita 8. 
Agaricus phalloides), helvellic acid, contained in the fresh morel, Helvella 
esculenta (the poison is lost through drying), arseniuretted hydrogen 
(ASH,), the ethereal extract of male fern, cause destruction of the red cells 
with a resulting increased formation of bile-pigment and a deposit of 
derivatives of the blood-pigment in the liver, kidneys, and bone-marrow. 
Potassium chlorate (KC1O,), pyrogallol (C,H,[OH],), hydrazin (H,N—NH,), 
toluylendiamin (C,H,[NH,],CH,), zitrobenzol (C,H,NO,), nitroglycerin 
(C,H, [NO,],), amyl nitrite (C,H, NO, ), picric acid (C,H, [NO,],OH), aniline 
(C,H,NH,), carbon disulphide (CS,), are distinctive in their action, in that 
they cause formation of methsemoglobin, sometimes with destruction of 
the red cells, at other times without. | 

Large doses of potassium chlorate may cause death in a few hours, 
through the destruction of the red blood-cells and through the action of 
the potassium, with the occurrence of vomiting, diarrhoea, dyspnea, 
cyanosis, and cardiac insufficiency. The blood becomes chocolate-brown 
in color. In more protracted cases of poisoning by smaller doses the 
products of blood destruction are found in the spleen, liver, bone-mar- 
row, and kidneys. The urine in these cases may vary in color from a 
reddish-brown to black (methemoglobin). Delirium, numbness, coma, 
and convulsions occur, showing the marked involvement of the central 
nervous system. Pyrogallol produces similar symptoms. Hydrazin 
and phenylhydrazin produce multiple thrombosis, in addition to the de- 
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struction of red cells and formation of methemoglobin. In poisoning 
with toluylendiamin the essential feature is a destruction of the red cells, 
with a deposit of iron-containing pigment in spleen, liver, and bone-mar- 
row. In cats hemoglobin may be excreted by way of the urine (Biondi). 
In picric-acid poisoning there occurs, in addition to the destruction of 
blood-cells and formation of methzmoglobin, a severe irritation of the 
central nervous system, characterized by violent convulsions. Aniline 
and carbon disulphide not only injure the blood, but also give rise to ir- 
ritation and paralysis of the nervous system. 


Arcordiug to Kobert, rictn derived from the seeds of the castor-bean, and adrin 
from the seeds of abrus precatorius, should be classed with the blood-poisons, in that 
in the test-tube they cause an agglutination of the red cells and the formation ofa 
fiecculent precipitate. In animals poisoned experimentally, local irritations, tissue- 
degenerations and inflammations, similar to those caused by certain bacterial toxins, are 
produced, as well as disturbances in the centres of the medulla oblongata, leading to 
cessation of respiration with progressive falling of blood-pressure. Tissue-degenera- 
tions, inflammation, and hemorrhage are found, after longer action, at the point of 
application and in the intestine, where the poison is excreted. Degenerative changes 
are also found in lymphocytes, liver and kidney cells, and heart muscle. 
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§ 9. The last group of poisons, generally classed together as nerve 
and heart poisons, is characterized chiefly by the fact that, in spite of the 
severity of the symptoms, as shown in the form of irritations and paraly- 
ses, anatomical changes either cannot be recognized at all or are confined 
to structural changes in the protoplasm of individual nerve-cells, which 
are of similar character in the case of different poisons. This is espe- 
cially the case when the poison is quickly fatal, while if the poisoning 
runs a protracted course, or in the case of chronic poisoning from small 
doses, extending over months and years, there are very often found 
marked anatomical changes—a fact which may be taken as evidence that 
these poisons do not produce solely functional disturbances of the ner- 
vous system, but cause injury to the cell-protoplasm which may be mani- 
fested in the form of degenerations. 

Of the very great number of poisons which act especially upon the ner- 
vous system and may cause death through its paralysis, the most impor- 
tant are: chloral hydrate, opium and its alkaloid morphine, cocaine, 
atropine, hyoscyamine, daturine (stramonium-atropine), nicotine, 
coniine, cicutoxin, santonin, camphor, quinine, veratrine, colchicine, 
aconitine, strychnine, cytisin, curarine, and samandarine (salamander- 
poison). 

Of the heart-poisons, digitalin, helleborin, muscarine, and phrynin 
(poison of toads) are of special importauce. 


Chloroform (CHCi;), when applied directly to the mucous membranes, causes 
local irritation and may produce transitory inflammation. When conveyed to the blood 
through inhalation or by absorption from the intestinal tract, it gives rise, after a 
short period of stimulation, to a condition of diminished irritability of the cerebral gray 
and white matter. According to Binz, the protoplasm of the ganglion-cells suffers a 
slight coagulation. Death may be caused by paralysis of the central nervous system, 
as well as by a premature heart-failure; the latter, however, occurring only when the 
heart is abnormally weak or degenerated, or possibly when the irritation produced by 
the chloroform upon the mucous membrane of the nose causes a strong reflex stimula- 
tion of the inhibitory nerves of the heart. The long-continued use of chloroform may 
cause de enerative changes in different organs, as the heart, kidneys, liver, muscles, 
and blood. 

Ether (diethyl ether C211;0C,H) acts similarly to chloroform, but is less poisonous, 
and acts less detrimentally upon the heart. 

Nitrous oxide (.N,O) acts chiefly upon the cerebrum, lowers the sensibility of pain, 
and paralyzes consciousness; later, the action may extend to the spinal cord, the 
medulla oblongata, and the heart. 

Alcohol (C,H,OH), after a transitory stimulation, has a depressing and paralyzing 
action upon the brain, at the same time causing a dilatation of the arteries of the skin, 
so that in intoxicated individuals severe chilling through the skin may easily occur. 
Death may take place suddenly, with symptoms similar to those of apoplexy; more 
frequently there is a gradual loss of consciousness and of sensory perception, the respira- 
tion becomes slower, the pulse small, the face cyanotic; complete coma and general 
paralysis forming the closing symptoms. The immoderate use of alcohol for months 
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or years may, on the one hand, give rise to pathological deposits of fat in those regions 
where fat is normally found; on the other hand, to fatty degeneration of glandular or- 
gans, particularly of the kidneys and liver; also degenerative atrophies of liver and kid- 
neys associated with increase of connective-tissue; further, sclerosis and atheroma of 
the arteries, degeneration of the brain, etc., are ascribed to the action of alcohol. At 
the present time it is impossible to say in what manner, how often, and to what extent 
these changes are dependent upon the use of alcohol. It is certain, however, that 
drunkards suffer frequently from disturbances of digestion and circulation, catarrhal 
inflammations of pharynx, larynx, and bronchi, and disturbances of cerebral function; 
and that the disease of the brain known as delirium tremens, which is characterized by 
general muscular tremors, obstinate insomnia, anxiety, and hallucinations, is especially 
to be ascribed to alcoholism. 

Chloral hydrate (CCl, CHO. H,0) causes local irritation of mucous membranes, and 
through the blood produces paralysis of the brain, spinal cord, and heart, and thus in- 
duces sleep. In fatal doses, death follows deep coma as a result of wdema of the lungs 
due to the general relaxation of the tissues. 

Opium and Morphine (C,H: N0;) depress the cerebral functions, thereby inducing 
sleep; in individual cases there may be a preceding period of stimulation. Large doses 
lead to unconsciousness, paralysis of muscles, slowing and weakening of the heart’s 
action, contraction of the pupils, slowing of intestinal peristalsis, diminution in the ex- 
change of gases in the blood dependent upon diminished excitability of the respirator 
centre. There is no characteristic autopsy finding; the blood is usually dark and fluid. 
The chronic use of opium may give rise to digestive disturbances, emaciation, vertigo, 
sleeplessness, neuralgias, imbecility, impotence, weakness of the bladder, hallucination, 
tremors of the hands and feet, fever, etc., yet these symptoms may vary much in 
different individuals. In chronic morpbinism the organism becomes accustomed to 
increasingly larger doses; withdrawal of the drug causes severe nervous disturbances, 
and under certain conditions dangerous collapse. 

Cocaine (C,:H_,NO,) produces peripherally a dulling of the excitability of the 
sensory nerve-endings; centrally, first a stimulation and later a paralysis. The chronic 
use of cocaine gives rise to symptoms similar to those of chronic morphinism. 

Atropine and hyoecyamine (Ci:Ha:NO;3), the alkaloids which are found in the 
Solanacee (deadly nightshade, thornapple, and henbane), cause paralysis of the periph- 
eral nerve-organs and a central stimulation, followed later by paralysis. Solutions 
of atropine introduced into the eye produce dilatation of the pupil and paralysis of ac- 
commodation for near vision, through its paralyzing action on the endings of the motor 
oculi in the iris. Atropine may further cause suppression of the secretion of certain 
glands (as the submaxillary); it also inhibits intestinal peristalsis. Asa result of the 
action of this poison upon the brain, a condition of excitement, gayety, inclination to 
laugh, leading even to insanity and frenzy, may be produced, followed by paralysis. 
The atitopsy findings are negative. 

Nicotine (Cs HT, Ns), a volatile alkaloid found in the tobacco plant, acts upon both 
peripheral and central nervous systems, causing nausea, salivation, vomiting, diarrhea, 
vertigo, muscle weakness, headache, convulsions, delirium, and paralysis. Chronic 
nicotine poisoning may give rise to nervous affections and disturbances of the heart's 
action. According to Vas, there is in both chronic nicotine and alcohol poisoning a 
degeneration of the ganglion-cells characterized by a homogeneous appearance of the 
chromatin. 

Coniine (C.A4,,N), the alkaloid present in hemlock, causes paralysis of the periph- 
era] motor nerve-endings, first stimulating and then paralyzing the central nervous 
system. Cteutoxin, a poisonous resin obtained from the water-hemlock (Cicuta cirosa) 
produces nausea, vomiting, attacks of colic, cardiac palpitation, convulsions, and un- 
consciousness. 

Sıntonin (C,.J1,.03) causes convulsions by its action on the brain and spinal cord, 
with benumbing of the sensorium, vertigo, vomiting, salivation, and yellow vision or 
xanthopsia, in which white is seen as yellow and blue as green. 

Quinine (CrobfayN2Os), the most important of the numerous alkaloids contained in 
the bark of cinchona and other closely related plants, has a paralyzing action upon 
living protoplasm, and in relatively small doses lowers the functional capacity of the 
brain. Large doses produce death through paralysis of the centre of respiration and of 
the heart. 

Aconttine, colchicine, and reratrine produce local irritations and, later, benumbing 
of the peripheral endings of the sensory nerves. On the central nervous system they 
have first a stimulating action, later a paralyzing. 

Stryehnine (Cs: Ha:N303), obtained chietly from the plant nux vomica, causes an 
increased reflex excitability of the nerve centres, so that the slightest external stimu- 
lus may produce tetanic convulsions. Death may occur in from ten to thirty minutes 
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after the first convulsion, and is the result of central paralysis, namely, of the vaso- 
motor centre. 

Curarine (C,sH3.N), the active principle of the arrow-poison curare, is probably 
derived from the cortical portion of the roots of different plants of the strychnia family. 
When used in small doses it paralyzes the endings of the motor nerves of the muscles. 
Larger doses cause paralysis of the central nervous system and of the vasomotor 
nerves, after a temporary stimulation. 

Digitalin and digitalein, two glucosides obtained from the foxglove, act as local 
irritants; after absorption they stimulate the heart, vagus-centre, and the musculature 
of the blood-vessels, so that with a slowing of the heart-beats there is an increase of 
blood-pressure. Large doses cause headache, delirium, tinnitus aurium, irregular in- 
crease in the frequency of the heart’s action, convulsions, and coma. 

j ae a glucoside obtained from hellebore, acts similarly to the preparations 
of digitalis. 
uscarine (Cs IT, NO;), the poison of the fly-agaric, acts as a stimulant to those 
nerve-endings which are paralyzed by atropine. The intense excitation of the inhib- 
itory centres of the heart causes stoppage of the unparalyzed heart, and death is 
thereby produced. The general symptoms of muscarine poisoning are salivation, ver- 
tigo, anxiety, nausea, vomiting, diarrhea, convulsions, and finally unconsciousness. 
Small doses produce a condition of excitation similar to that of drunkenness. 


The above summary of poisons, which is of necessity confined to a limited number, 
I have based upon the generally accepted classification, which Kodert has also retained 
in his text-book on intoxications. A more exact knowledge of the action of poisons 
than we now possess will surely in the future be made a basis for a different classifica- 
tion. veto (see literature to g 6) has recently attempted to make a classification of 
poisons according to their action upon the living organism, that is, upon the living 
protoplasm. He distinguishes two great groups, namely, general poisons, which in 
moderate concentration are fatal to all living organisms; and special poisons, which 
have no injurious effect upon certain classes of organisms. The general poisons are 
characterized chiefly by their power to change the chemical character of the active 
protein-bodies, out of which living protoplasm is formed. They may be classed as 
follows: (1) Oridizing poisons (ozone, chromic acid, manganic acid, hypermanganic 
acid, hypochlorites, hydrogen peroxide, chlorine, bromine, iodine, phosphorus, arse- 
nious acid); (2) potsons haring a catalytic action (ethyl ether, chloroform, chloral, many 
hydrocarbons, etc.), which transfer to the protoplasm the unstable condition of their 
molecules, and so lead to chemical changes in the unstable albumin; (3) poisons acting 
by the production of salts (acids, soluble mineral bases, and corrosive alkalies, alkaline 
earths, salts of the heavy metals), which form with the protein-bodies chemical com- 
binations of the nature of salts; (4) substitution potsons (hydroxylamin, diamide, 
phenylhydrazin, ammonia, phenol, hydrocyanic acid, etc.), which even when greatly 
diluted interfere with the aldehyde or amido-groups. The special poisons are classified 
as follows: (1) Toric proteids, i.e., (a) toralbumins (produced by bacteria and poisonous 
to animals); (b) alerins and tmmunttozins (produced in animals physiologically or 
pathologically, and poisonous for bacteria): (c) vegetable enzymes (abrin, ricin, produced 
from phancrogams and the higher fungi, and poisonous to animals); (d) antmal enzymes 
(produced by certain animals, snakes, fishes, and spiders, and poisonous to other ani- 
mals); (2) organic bases (strychnine, atropine, curare, etc.), having an unexplained ac- 
tion; (3) poisons acting indirectly, which interfere with the processes of respiration 
(carbon monoxide, sulphites), or which act as poisons through decomposition (nitrites, 
iodine combinations), or which cause structural alterations through changes in the 
tumidity (“Quellungszustand ”) of certain’ organized tissues (neutral alkaline salts, 
alkaline earths, oxalates). 
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4. Origin of Disease through Infection or Parasitism. Miasms and Conta- 
gion. Vegetable and Animal Parasites. 


§ 10. As seen inthe last sections (§ 6 to § 9), there occur in the in- 
toxications certain morbid vital phenomena, which are caused by definite 
chemical substances, the mode and severity of whose action, in so far as 
the idiosyncrasy of the poisoned individual and the especial manner of 
application of the poison are not considered, depend not only upon the 
character of the poison but also upon the size of the dose employed. 

In those diseases which arise from infection and which are called 
infectious diseases, we have, on the contrary, to deal with morbid vital 
phenomena, which, if we disregard the susceptibility ef the infected indi- 
vidual and the especial mode of entrance of the infecting material into 
the body, are dependent solely upon the character of the infecting agent, 
while the dose is of little or no significance. 

The essential difference between intoxication and infection lies in the 
fact that in the first case there is no increase of the poison within the 
body, while in infection the harmful agent increases after its entrance into 
the organism, so that the smallest possible amount of the infective mate- 
rial may give rise to the most severe and fatal disease. The size of the 
dose of the infecting agent has an influence upon the succeeding illness 
only in so far as the probability of infection (that is, reproduction of the 
injurious agent within the body) is increased with the amount of the 
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same taken into the body, and that consequently the reproduction of the 
infective agent may in shorter time reach such proportions as to give 
rise to pathological tissue-changes and symptoms of disease. 

The injurious agents causing the infectious diseases enter the human 
organism from the external world and give rise to an ilness which may 
run a pathognomonic course; and from the peculiarities of this course it 
may be possible to conclude that the disease is due to a specific organism 
possessing a characteristic action. In the case of pregnant women the 
infective agent may be transmitted from the organism of the mother to 
the foetus in utero. 

If an infectious disease attacks a great number of individuals ina 
given locality, it becomes a pestilence or an epidemic. 

Experience based upon clinical observation teaches us that in some 
cases the injurious agent which causes a certain infectious disease is 
active only in certain regions and infects (that is, makes ill) individuals 
who live in this region. In other cases it is seen that contact with a dis- 
eased individual, or proximity to such, or the use of some object touched 
by the affected person or contaminated in other ways—for example, 
through dejecta or through sputum—may produce the disease. Finally, 
it may also be noted that infective material develops only at certain 
times in a given locality, and only when an infected individual visits 
that, p:rticular region and through his presence leads to the production 
there of the infective material. 

From these varying conditions occasion has been taken to divide the 
agents capable of causing infection into different groups and to desig- 
nate these by particular names. If the infective agent is connected with 
a certain locality it is termed a miasm, the conception underlying this 
being that the affected region produces the injurious material. If only 
a particular region produces the infective agent, the term local miasm is 
used; but if universally present, a ubiquitous miasm. To the miasmatic 
diseases belong especially malaria, croupous pneumonia, articular rheu- 
matism, many wound- infections, septic osteomyelitis, and ulcerative endo- 
carditis. 

The conveyal of an infection from man to man directly or indirectly 
and its spread through houses, villages, cities, and countries is termed a 
contagium ; and it is thereby understood that the production of the in- 
fective agent. takes place only in the human body, or in some lower ani- 
mal, its development and increase outside of these being impossible. To 
such contagious diseases belong smallpox, measles, scarlatina, diphtheria, 
typhus fever, recurrent fever, anthrax, hydrophobia, gonorrhea, whoop- 
ing-cough, influenza, many catarrhs of mucous membranes, tuberculosis, 
syphilis, glanders, and leprosy. 

If au infective agent develops in a certain locality only when an in- 
fected person visits the region and thereby gives rise to an epidemic, the 
term miasmatic contagious disease is used, with the assumption that 
the infective agent had spread from the body of the first patient into the 
outer world, and had somewhere multiplied, and either alone or through 
the aid of special local influences had been able to produce in the inhab- 
itants of the region an epidemic spread of the disease. To such mias- 
matic-contagious diseases belong cholera, typhoid fever, dysentery, yel- 
low fever, and bubonic plague. 

The nature of miasmatic and contagious diseases was unknown to the 
older practitioners. The occurrence of an infectious disease as a plague 
or epidemic was explained by causes sought in peculiar cosmic or telluric 
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conditions, and these were designated constitutio epidemica or constitutio 
pestilens. Only in the last decade has our knowledge of the causes and 
nature of the infectious diseases made true advances, and it has been 
demonstrated that the infectious diseases are parasitic diseases, the origin 
of which is to be attributed to the increase of small living organisms within the 
human body. It is true that the parasitic cause has been positively demon- 
strated in only a part of the infectious diseases, but it is highly proba- 
ble that all are caused by parasites. To the hypothesis that the causes 
of infectious diseases were to be sought in living organisms, capable of 
reproduction, in a contagium animatum, the earlier investigators were led 
chiefly by the fact that the infective agent causing a certain disease 
could, when once present, constantly renew itself and indefinitely in- 
crease, so that from a single case of the disease an endless number might 
be infected; and further that extremely small and imponderable quanti- 
ties of the infective material were sufficient for the infection of an indi- 
vidual, so that the intense effects of an infection upon the human organ- 
ism could be explained only by the assumption of an increase of the 
infective agent within the body. 

The attempt has also been made many times to explain the phe- 
nomena of infection through the action of injurious gases or soluble fer- 
ments. Such hypotheses are wholly unsatisfactory, inasmuch as they 
leave unexplained the chief phenomena of the spread and course of epi- 
demics, or the explanations adduced are open to well-founded objections. 

The parasites which cause infectious diseases belong to the lowest 
forms of plant and animal life. Among the plants the schizomycetes 
or bacteria, among the animals the minute organisms belonging to the 
protozoa, play the most important réle in the production of disease. Of 
the more highly organized plants the saccharomycetes and hypho- 
mycetes may act as infective agents, but their pathological significance 
is much less than that of the bacteria. Among the animals, numerous 
worms (Nematodes, Trematodes, Cestodes) and arthropoda (Arachnida 
and Insects) occur as human parasites, but their action is much more 
limited, and the pathological conditions produced by them are not ordi- 
narily classed as infectious diseases in the narrow sense of the term. 

For the production of a true infection, it is necessary that a given 
parasite must increase in the human body and produce a number of gen- 
erations, which spread more or less widely through the tissues. If the 
itch-mite, which produces many generations in the epidermis, be ex- 
cluded, the parasitic Schizomycetes, Saccharomycetes, and Protozoa 
alone are to be regarded as fulfilling the above condition; the higher 
animal parasites passing only a part of their life within the human body 
—that is, within the same host. Those parasites which multiply within 
the invaded organs, through the production of eggs or of matured em- 
bryos or of larvie, do not become sexually reproductive in the same 
host. 

Parasitic infection, that is, the entrance of parasites into the human 
body, and their increase, can occur in almost every part of the body. The 
inost common avenues of infection are the mucous membranes which admit 
of access from without, especially the respiratory and intestinal tracts, 
which in particular favor the entrance of parasites. In many eases the 
parasites are contained in the food and drink, especially in water. Since 
the pathogenic organisms are for the greater part very small, and when 
suspended in the atmosphere may be carried about everywhere by means 
of the air-currents, they are often present in the respired air and so 
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reach the air-passages or alveoli of the lungs, where they may become at- 
tached to the walls and frequently obtain entrance into the tissues. 

Further, wounds form a favorable place for the entrance of small 
parasites, and may be the starting-point of an infection through the en- 
trance of the latter, either from the air or through contact with con- 
taminated fluids or objects. Finally, parasites may establish them- 
selves in the uninjured skin, and, increasing, give rise to an infectious 
disease. 


The view that certain diseases, particularly the plague, were of parasitic origin, is 
very old, and found expression in the works of Kircher (1602-1680), Lancist (1654-1720), 
Linné (1707-1778), and others. It has been left to very recent times, however, to place 
the theory of the parasitic origin of disease upon a secure foundation. Though several 
decades ago Henle, Liebermeister, and others asserted that the peculiarities of infectious 
diseases could be explained only by the assumption of a contagium animatum, the es- 
tablishment of this doctrine is due to the results of the investigations of the last thirty 

ears. 
y The influence which climate exerts upon man is, if the influence of temperature 
be not considered, essentially dependent upon the conditions of the soil of a given re- 
gion with respect to the development of micro-organisms which are capable of causin 

isease. A rough windy climate may therefore be healthy, while one that is mild an 
subject to slight variations of temperature may be unhealthy. In the case of inhabited 
regions, the question naturally arises as to the prevalence of epidemics among the in- 
habitants. Temporary changes in the injurious influences of a certain climate are de- 
pendent partly upon the fact that the pathogenic organisms do not at all times increase 
n the same ratio, and partly that the micro-organisms present in the earth do not al- 
ways get into the drinking-water or into the atmosphere, or at least obtain entrance 
into the human organism only at times. 


According to Pettenkofer, the spread of miasmatic-contagious diseases, as, for in- 
stance, cholera, cannot be explained by the fact that bacteria from the dejecta ofa 
cholera patient are able to survive outside of the body fora given length of time, and 
under favorable circumstances to increase, obtain entrance into the mouth by means of 
drinking-water, food, or unclean hands, reach the intestines, and again produce an in- 
fection. On the other hand, he believes that the disease-germs on reaching the soil are 
able to form their characteristic poisons only when certain temporary local conditions 
are present in the affected region, so that the disease germs combining with an unkown 
something, that is, under the influence of the soil, must acquire a higher virulence in 
order to form the characteristic poison of the disease. The latest researches concerning 
the etiology and spread of typhoid fever, cholera, and the plague do not support this 
theory; on the contrary, they show that the bacteria of cholera, typhoid fever, and the 
plague are sufficient in and of themselves in given cases to produce an infection. It 
follows from what has already been said that cholera germs, when introduced into the 
intestinal canal of man or of certain experimental animals, are able to cause cholera. 


Literature. 
(Infections. ) 


Aoyama: Mitteil. über die Pestepidemie in Hongkong, Tokio, 1895 (ref. Cent. f. Bakt., 
xix.). 

Bouchard: Les microbes pathogénes, Paris, 1892. 

Charrin: L’infection. Path. gen. publ. par Bouchard, ii., Paris, 1896. 

Däubler: Grundzüge der Tropeshygiene, Berlin, 1900. 

Duclaux: Le microbe ct la maladie, Paris, 1886. 

Feer: Scharlach, Masern, Rétheln. Ergebn. d. allg. Path., iv., 1899. 

Flügge: Die Mikroorganismen, Leipzig, 1896; Verbr. d. Cholera. Zeit. f. Hyg., xiv., 
1893 (Lit.). 

Galtier: Traité des maladies contagieuses des animaux domestiques, 2d éd., t. i., 
Paris, 1891. 

Grancher, M.: Pasteur et la médecine contemporaine. Arch. de med. exp., vi., 1894. 

Haeser: Geschichte der Medicin u. der epidemischen Krankheiten, i.-ii., Jena, 1875- 
1882, 


BACTERIA. 35 


Hanking La propagation de la peste. Ann. de l’Inst. Past., xii., 1898. 
Hocker: D ie grossen Volkskrankheiten des Mittelalters, her. von A. Hirsch, Berlin, 
1 


Henle, J.: Pathol. Untersuchungen, Berlin, 1840; Rationelle Pathologie, Braun- 
schweig, 1853. 

i , A.: Handb. der historisch-geogr. Pathologie, i. and ii., Stuttgart, 1881-1886. 

Hueppe: Die Choleraepidemie in Hamburg, 1892, Berlin, 1898; Einführung in d. 
Bakteriologie, Wiesbaden, 1896. 

Koch: Conferenz zur Erörterung der Cholerafrage. Deut. med. Woch., 1884, 1885, 
1886; , Die Cholera in Deutschland während des Winters 1892-1898. Zeit. f. Hy g-, 
xv., ; 

Koch und Gaffky: Ber. üb. d. Thätigkeit der zur Erforschung der Cholera im Jahre 
1883 nach Egypten u. Indien entsandten Kommission. Arb. a. d. K. Gesundheit- 
sanıte, iii., Berlin, 1887. 

Laveran: Les maladies épidémiques. Path. gen., ii., Paris, 1896. 

Liebermeister: Ueber die Ursachen der Volkserkrankung., Basel, 1865. 

Léffier: Ueber die geschichtliche Entwickelung der Lehre von den Bakterien, Leipzig, 
1887. 

Lubarsch: Zur Lehre v. d. Geschwülsten u. Infektionskrankheiten, Wiesbaden, 1899. 

Mannaberg: Die Malariakrankheiten, Wien, 1899. 

Marchiafava and Bignami: Malaria. Twent. Cent. Pr., xix., New York, 1900. 

Martius: Pathogenese innerer Krankheiten, i., Leipzig, 1899. 

v. Pettenkofer: Aufsätze über Cholera u. Typhus in d. Zeitschr. f. Biol. seit 1864; 
Arch. f. Hyg. seit 1883; Ueber Cholera. Münch. med. Woch., 1892. 

Rumpf: Die Cholera indica und nostras, Jena, 1898. 

Scheube: Die Krankheiten der warmen Länder, Jena, 1900. 

Schneidemühl: Vergleichende Pathologie d. Menschen u. d. Thiere, Leipzig, 1895- 


1899. 

Virchow: Ges. Abhandl. a. d. Gebiete d. off. Med. u. d. Seuchenlehre, i. and ii., Berlin, 
1879. 

Weichselbaum: Epidemiologie, Jena, 1899. 
See also § 12. 


§11. The disease-producing bacteria are extremely small, uni- 
cellular organisms, which appear inthe form of little spheres (cocci), 
and fine, straight, or curved rods (bacilli and spirilla), frequently unit- 
ing in peculiar combinations. Some multiply in the external world, and 
only oceasionally enter the human body; others, on the contrary, are so 
constituted that they cannot reproduce in the outer world and are able to 
multiply only when in the human or animal body. The pathogenic bac- 
teria are therefore divided into two classes, ectogenic and endogenic; the 
first is identified with the miasmatic diseases, the latter with the conta- 
gious. There is, however, no sharp division-line between these two 
classes, Inasmuch as certain bacteria which ordinarily multiply only in 
the human or animal organism, may, under certain conditions, develop 
in the outside world; so that in a certain sense a contagium becomes a 
miasın. 

On the other hand, it is not necessary for the spreading of a disease 
caused by ectogenic organisms that the Schizomycetes develop outside of 
the human body; more frequently a direct infection from individual to 
individual takes place. For example, the bacilli of anthrax can mul- 
tiply as well in the outer world as in the animal body, and the disease 
may be spread by direct transmission from man to man or from an ani- 
mal to man, as well as by the entrance of the bacilli into the human or 
animal body through some infected culture-medium. The cocci which 
produce suppuration, or those causing inflammation of the lungs, can 
likewise infect. a healthy individual directly from the outer world where 
thev have multiplied, or from another diseased individual. 

It follows therefore that no sharp line can be drawn beticeen miasms 
and contagions or between ectogenic and endogenic bacteria. The distinction 
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is of value only in that in many infectious diseases one of the two forms 
of spreading predominates, and there are also infections in which, so far 
as our knowledge goes, there is but one mode of dissemination. For ex- 
ample, small-pox and measles, the infective agents of which have not yet 
been discovered, spread only by direct and indirect contagion; and it is 
also assumed that the poison of syphilis is not able to increase outside 
of the human body. 

Pathogenic bacteria may be found outside of the human body, in 
solids, liquids, and in the atmosphere. Those forms which are able to 
multiply outside of the body (bacteria of cholera, typhoid, anthrax, sup- 
purations, actinomycosis) are found especially in water fouled by organic 
substances, or in damp earth rich in organic material or in dead animal 
or vegetable tissue containing moisture. They are besides often present 
in dry earth and dried tissue, and can pass from these, as well as from 
fluids, into the air, their distribution being favored by dust, strong cur- 
rents of air, and excessive sprinkling. In the drying of substances con- 
taining bacteria, a portion of the bacteria are killed, since they are not 
able to survive complete desiccation. Many of the pathogenic bacteria 
produce resistant forms (spores) which are able to bear long-continued and 
complete drying, and therefore to retain their vitality in the air. If these 
come into contact with firm bodies or fluids and remain attached to them, 
they may survive for a long period, and under favorable conditions—that 
is, if they find proper nourishment and sufficient moisture, and if the tem- 
perature reaches the height necessary for their development—they may 
again multiply. 

Bacteria, which are not able to multiply outside of the human or 
animal body, or at least do so only under very special and rare condi- 
tions, are able to preserve themselves outside of the body for a length of 
time, only when they produce forms which survive desiccation, or are 
not killed by the chemical influences of their environment in the fluids, 
damp earth, and tissues in which they are found. For a limited time 
they may cling to the most varied substances and retain their vitality, so 
that tur a certain length of time contaminated objects are capable of 
causing infection. Bacteria which are able to survive drying may be 
found in the dust of the streets, of the floors and walls of houses, as well 
as in the air itself, particularly so when the bacteria are thrown off in 
great abundance from the diseased individual in whom they have multi- 
plied. This is especially true of the bacillus of tuberculosis, in that in 
pulmonary tuberculosis the sputum, in intestinal tuberculosis the feces, , 
and in case of tuberculosis of the urogenital tract the urine, may contain 
great numbers of the bacilli. 
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§ 12. The avenues of entrance for bacteria are, in general, the 
mucous membranes of the intestinal canal, respiratory tract, and the 
middle ear, the conjunctiva, the alveoli of the lungs, and open wounds. 
Through recent wounds, both pathogenic and non-pathogenic bacteria 
are rapidly taken up into the lymph and blood; while through wounds 
showing healthy, granulating, uninjured surfaces, the entrance of many 
bacteria into the tissues is hindered. Pathogenic bacteria not infre- 
quently enter through the uninjured skin, either by way of the hair-fol- 
licles or through the sebaceous or sweat glands. Under especial condi- 
tions (coitus, surgical operations, dribbling of urine) the infection may 
take its start from the mucous membranes of the urogenital tract. Some 
infections may be transmitted by insects, which have taken up bacteria 
with the blood or secretions of a diseased individual or animal, or, hav- 
ing become contaminated externally by such, may infect an open wound 
by scraping the bacteria off their legs upon the exposed surface, or by 
the direct introduction of germs into the skin or accessible mucous mem- 
branes during the act of stinging or sucking. If meat containing bac- 
teria be eaten, and if the animal while alive was affected by an infec- 
tious disease which also occurs in man, this particular disease may be 
transmitted to man, in case the bacteria had not been previously de- 
stroved. 

Bacteria arrive at the point of entrance, sometimes in association 
with chemically active substances, sometimes without such; the first is 
more likely to oceur in the intestinal tract, the second in the respiratory 
passages and in the lungs; yet chemical substances may also find their 
way into the lungs with bacteria, and bacteria may enter the intestinal 
canal without the association of chemically active material. 

The harmful chemical substances which accompany the bacteria 
may be either an accidental admixture of the food, or of the water used 
for drinking or washing or for the cleansing of wounds, or of the re- 
spired air; but they are more frequently the products of the bacteria 
themselves. All bacteria, even the non-pathogenic, produce within the 
medium in which they grow certain changes designated as fermentation 
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or decomposition processes, which stand in the closest relationship to 
their life-activity and reproduction. Among these products of chemical 
metamorphosis are many which are injurious to the organism of man and 
the higher animals, in that they are able to cause, in a manner similar to 
that of the poisons already mentioned, partly local tissue-degenerations 
and inflammations, partly blood-changes, and partly symptoms of gen- 
eral poisoning, which may be manifested in functional disturbances of 
the nerves, heart, or respiratory apparatus. The most important of 
these substances are the decomposition-products of albuminoid bodies, 
the cadaveric alkaloids or ptomains, basic bodies, of which many are 
poisonous for man and are consequently called toxins. Further, active 
albuminoid bodies, the toxalbumins, occur, which are probably formed 
and cast off by the bacteria themselves (Buchner). For example, in 
decomposing meat the basic products, neuridin, cadaverin, putrescin, 
neurin, and methylguanidin, are formed; of these the last three are very 
poisonous toxins. The bacillus of typhoid fever forms a toxin (typho- 
toxin), which produces paralysis and stimulates the intestinal and 
salivary secretions; cholera bacteria form, in addition to penta- and 
trimethylendiamin and methylguanidin, also specific toxins, which irri- 
tate the intestine, destroy the coagulability of the blood, and cause mus- 
cular spasms. The tetanus bacillus produces tetanotoxin, a toxalbumin 
which causes violent muscle spasms; according to Roux, Yersin, 
Brieger, and C. Frankel, the diphtheria bacillus, anthrax bacillus, 
typhoid bacillus, cholera spirillum, and the pus-cocei form toxalbumins. 

When bacteria develup in large numbers in the tissues, and finally 
die, the soluble substance of the bacterial cell, mycoprotein, may cause 
irritation of the surrounding parts. 

If toxic bacterial products are introduced in considerable quantity 
into the intestinal eanal or into wounds at the same time with bacteria, 
symptoms of poisoning may be produced without a coincident infection, 
that is, without an increase of bacteria in the tissues. The same thing 
may also happen when poison-producing bacteria develop in the contents 
of the intestine or in wound-secretions or in necrotic lung-tissue, and so 
multiply as saprophytes. Such cases cannot strictly be regarded as infec- 
tions, the disease is much more to be regarded as an intoxication; but in 
such cases a sharp line between infection and intoxication cannot be 
drawn, since bacteria originally growing as saprophytes not infrequently 
enter the tissues and multiply there. 

Intestinal intoxications caused by bacterial toxins and toxalbumins oc- 
cur especially when animal tissues or fluids are eaten in a state of de- 
composition due to the presence of bacteria; and to these intoxications 
belong the greater part of the affections termed meat-, sausage-, fish-, and 
cheese-poisoning. In these cases the particular poison is either taken as 
such with the food into the intestinal canal, or else is formed there. 
Likewise, decomposition and fermentation of the vegetable constituents 
ot diet—as, for example, fermenting fruit-juices, cabbage, peas, beans, 
maize, rice, et. —may have an injurious effect upon the intestine or even 
upon the entire organism, especially when eaten in large quantities or 
for a long period of time. The chronic disease known as pellagra or 
“maidismus,” occurring especially in Italy, Spain, Southwest France, and 
Roumania, is an example of such a condition. It is due to the eating of 
spoiled maize (Lombroso, Tuczek); and is characterized by gastro-intes- 
tinal disturbances, changes in the skin, disturbances of spinal and 
cerebral functions, and general marasmus. 
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If the bacteria which have entered the body through one of the 
above-mentioned avenues of infection are in a strict sense pathogenic, so 
that they give rise to an infection, they may increase first at the point 
of entrance, in the intestinal mucous membrane, in a wound, in the 
skin, etc. The local effects of their growth are dependent primarily 
upon the individual characteristics of the bacteria, as well as upon the 
peculiarities of the affected tissue. In general, the local action is char- 
acterized by tissue-degenerations, necrosis, inflammations, and new-for- 
mation of tissue, so that it is possible in many cases to determine the na- 
ture of the infection, that is, the species of bacteria causing the 
infection, from the character of the local changes. It is, however, 
difficult or impossible to determine in every case the exact mode of ac- 
tion of the multiplying bacteria; in general, it may be said that the 
processes of chemical metamorphosis excited by the multiplication of the 
bacteria produce certain changes in the tissue-cells, in that different sub- 
stances of active chemical nature either kill the cells, or at least induce 
degenerative changes in them, or in part excite increased cell-activity. 
In the further development of the process the substances derived from 
dead and dissolving bacteria may also produce effects upon the surround- 
ing tissue. In a certain sense, therefore, there occurs through the local 
growth of bacteria a local intorication, which is of far greater significance 
than the withdrawal of nutritive material through the consumption by the 
bacteria of food substances. The latter is, however, not wholly without 
significance, inasmuch as the chemical changes produced by the bac- 
teria in the tissue juices often render these unfit for the nourishment of 
the tissue-cells, so that the cells suffer even when no poisonous substances 
are produced. 

The participation of the entire organism in a local bacterial infec- 
tion may be very slight or wholly absent, so that the disease appears as 
a purely local affection (tuberculosis). In other cases the toxins and 
toxalbumins formed in the local focus of infection are absorbed into the 
body fluids (i.e., into the blood), and a general intoxication (to.rinemia) 
is produced; that is, poisonous effects are exerted upon the nervous sys- 
tem, sometimes upon the blood itself and upon the heart; and the 
poisons thus taken into the body may produce demonstrable changes in 
the internal organs, particularly in the excretory glands, at times also in 
the skin. In many diseases (tetanus, typhoid fever, streptococcus and 
staphylococeus infection, diphtheria) the symptoms of poisoning are es- 
pecially prominent. 

If healing does not take place in the primary seat of infection, the 
neighboring tissues may be involved by an invasion of bacteria by con- 
tinuity. Very often the bacteria gain entrance to the lymph-vessels 
or blood-channels (bacteriemia), and in this way are transported and 
spread over the entire body. The result of this metastasis of bacteria is 
the production of a lymphogenous or hematogenous infection ; that 
is, secondary foci of disease identical in character with the primary seat of 
infection are formed at a distance from the primary focus. In certain 
diseases (tuberculosis, suppurations, plague) the number of metastases 
is usually very great, so that many parts of the body (lymph-glands, 
liver, lung, brain, muscles, bones, kidneys, etc.) may contain diseased 
areas. On the other hand, in other infections metastasis of bacteria 
from the original focus to other organs does not occur (tetanus, diph- 
theria), or the transported bacteria cause only changes of a milder type 
(typhoid fever). 
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During the transportation of bacteria through the blood-vessels, there 
is usually no increase of the bacteria in the circulating blood, the blood 
serving only as a vehicle to carry the bacteria to other parts of the body, 
multiplication occurring first at those points where the bacteria have 
come to rest. Nevertheless, in certain infections (anthrax) the bacteria 
increase enormously in the circulating blood, and in this way may cause 
damage to the blood itself. Through the obstruction of small blood-ves- 
sels by the multiplying bacteria, there may be added to the intoxication 
also local disturbances of circulation. 

The metastasis of bacteria or toxic substances, or both, from a local- 
ized seat of infection, and the production thereby of secondary foci and 
symptoms of intoxication, give rise to the condition which is generally 
termed sepsis. According to the predominant symptoms there may be 
distingushed a septemia or septicemia, a pyemia and a lymphangoitis. 
Through the combination of both the latter with septszemia, septicopyeemia 
is produced. Originally the designation septicemia was applied to 
those cases in which a localized infection was associated with a putrid 
intorication caused by bacterial poison or a toxinemia without the spread 
of bacteria through the body. At the present time, according to the 
precedent set by Koch, Gaffky, and others, septicemia is used to desig- 
nate the condition characterized by the entrance of both bacteria and 
their poisons into the blood, a coincident toxinemia and bacteriemia ; 
indeed, by many authors the pure. putrid intoxication or toxinemia is 
separated from septicemia. 

The term pyemia, originally signifying a metastasis of pus through 
the blood, is at present employed to designate the condition in which 
the metastasis of bacteria gives rise to the formation of metastatic ab- 
8cesses. 


In septicopyemia the symptoms of toxinemia and bacteriemia are 
combined with the formation of metastatic foci. Lymphangoitis is an 
inflammation of the Iymph-vessels and their surroundings caused by trans- 
ported bacteria. 

Sepsis in its different forms is most frequently caused by the true 
pyogenic organisms, staphylococcus pyogenes aureus, and the streptococcus 
pyogenes, but similar conditions also occur in infection with the pneu- 
mococcus, gonococcus, typhoid bacillus, colon bacillus, plague bacillus, ete. 

If bacteria are deposited secondarily in the body-passages which are 
lined with mucous membrane, as in the respiratory or urogenital tract, 
they may multiply within these tracts and produce their characteristic 
pathological changes. Likewise, they may multiply also within the 
large body-cavities, in the peritoneal, pleural, and subarachnoid 
spaces. In the case of an infection occurring in a pregnant woman, 
many varieties of bacteria (anthrax, symptomatic anthrax, glanders, 
recurrent fever, typhoid, pneumonia, the pyogenic bacteria) may be 
transmitted to the foetus. 

The description given above of the course of an infection may be 
taken as a general type, and many infections run such a course (typhoid, 
pyemia, erysipelas, plague, diphtheria, tetanus, tuberculosis, syphilis, 
leprosy, glanders, actinomycosis, ete.); but there are also many devia- 
tions from this scheme. In the first place, it not infrequently happens 
that in an infection which in general runs a typical course, the primary 
seat of infection is not demonstrable, either because no changes occurred 
at the point of entrance, or the changes produced have since disap- 
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peared. Such forms of infection are known as cryptogenic; they may 
be lymphogenous or hematogenous. It is typical of many infections 
that the primary localization of the cause of the disease is not recogniz- 
able, so that general symptoms occur before local changes are demonstrable, 
and the tissue-changes occurring later have more the character of a sec- 
ondary localization of the poison of the disease. This occurs especially in a 
number of infectious diseases, the causes of which are unknown to us; 
for example, in scarlet fever, smallpox, and measles; yet in many in- 
fections whose causes are known we are not always able to discover at 
what point the first multiplication of the bacteria occurs. Thus we 
know that in relapsing fever the spirilla are found in the blood in large 
numbers at the time of the fever, but the place of their multiplication is 
unknown to us. 

Not infrequently a secondary infection may be joined to one already 
present. In many cases the association is entirely accidental, in other 
cases the anatomical changes produced by the first infection cause a 
local predisposition to the new invasion. To the first group would be- 
long, for instance, a croupous pneumonia occurring in an individual 
suffering with tuberculosis; while the occurrence of an infection with 
cocci causing suppuration and septic intoxication, as in the case of 
wound-infections, in the course of typhoid, diphtheria, scarlet fever, 
dysentery, caseous ulcerating tuberculosis, etc., may be regarded as due 
to the production of local tissue-changes favoring the entrance of bac- 
teria. According to the characteristics displayed by the recent epi- 
demics of intluenza in Enrope, influenza is a disease which predisposes 
in a marked degree to secondary infection. In certain infections, as, 
for example, in many forms of purulent processes, the tissues may con- 
tain, even at an early stage, two or more varieties of bacteria—an asso- 
ciation of bacteria or double infection. 


It has been known for many years that during decomposition poisonous substances 
are formed. As early as 1852 Beck observed that ammonia hydrothionate, which oc- 
curs in pus and putrid ichor, possessed septic properties when injected into animals. 
Panum, in 1863, obtained from decomposing material a putrid poison, that is, a body 
not destroyed by boiling and evaporation, which possessed an action similar to that 
of snake-poison and the vegetable alkaloids and caused in dogs salivation, dilatation of 
the pupils, diarrhoea, fever, and severe prostration. Von Bergmann and Schmiedeberg 
obtained from decomposing ycast a crystalline body, sepstn, which in animals produced 
the symptoms of a putrid -intoxication. Senator, Hiller, and Mikulicz extracted from 
decaying tissue-masses by means of glycerin a substance which likewise possessed a 
septic action. Billroth called this poisonous substance putrefuctire zymoid. Selmi en- 
deavored to characterize all these substances more minutely, and obtained from differ- 
ent constituents of cadavers extracts, partly soluble in ether, partly in water, which he 
recognized as fixed bases of alkaloid-like character, and which he designated as 
cadaveric alkaloids or ptomains. Gautier, Etard, Zuelzer, Sonnenschein, Bechamp, 
Schmiedeberg, Harnach, v. Nencki, Otto, Angerer, and others also found in decomposing 
tissues similar cadaveric alkaloids, which in experiments upon animals were partly in- 
ert, and partly toxic, producing in the latter case symptoms of poisoning similar to 
curare, morphine, and atropine. To ton Nencki (1876) is due the honor of being the 
first to obtain a cadaveric alkaloid in its pure form and to establish its formula; this 
was accomplished in the case of collidin, obtained from decomposing glue and albumin, 
its platinum salt crystallizing in flat needles. Following r. Nencki, Etard, Gautier, 
and Baumann, and especially Brieger, have studied ptomains, the last named having 
obtained a large number of them in a pure state and determined their physiological 
action. For instance, Brieger obtained from fibrin peptone a poison (peptotoxin) 
which in animals causes symptoms of paralysis and ultimately death. From decom- 
pesing horse-flesh he extracted three substances crystallizing in needles, namely, 
neuridin, neurin, and cholin, the second of which is markedly poisonous, and, like 
muscarine, causes salivation, disturbances of circulation and respiration, contraction of 
the pupils, and clonic convulsions. From fish-ftlesh he obtained, besides neuridin, three 
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other poisonous bodies: ethylendiamin, a substance similar in its action to muscarine, 
and a substance called gadinin. From decomposing glue and cheese he obtained the 
poison neurin, and from decomposed yeast dimethy lamin. 

The majority of ptomains are not found in fresh tissues, and it is therefore very 
probable that they are derived from the splitting of chemical combinations present in 
the tissues. Thus it is probable that cholin is formed from the splitting of lecithin, 
and by the further decomposition of cholin the poison neurin is formed. Cholin and 
neuridin are, according to Brieger, demonstrable even in the fresh human brain. 

After the poisonous nature of part of the ptomains had been made known through 
the researches mentioned above, there was developed the hypothesis that the toxic symp- 
toms observed in infectious diseases could be entirely, or ina great measure, ascribed 
to the action of the substances called toxins. Through the investigations of recent 
years (Roux, Yersin, Buchner, Brieger, C. Frankel) it has been shown that toxalbumins 
play a more important röle than the toxins, and can therefore be regarded as the peeul- 
tar specific bacterial-poisons. Our knowledge of active albuminoid bodies had been 
previously confined to the enzymes (pepsin, trypsin, ptyalin, diastase), which produce 
a hydrolytic splitting. The active poisonous albuminoids, the toxalbumins, have been 
made known for the first time through recent investigations of the infectious diseases. 
Brieger and Frankel hold the view that the toxalbumins which produce symptoms of 
intoxication are formed by the action of bacteria from the albumins of the body juices. 
Buchner, on the contrary, believes that they are produced by the bacterial cell itself, 
and supports this view by the fact that the diphtheria bacillus in urine containing no 
albumin (Guinochet), and the tetanus bacillus in a solution of asparagin with mineral 
salts, are able to produce their characteristic toxalbumins. As in the case of the en- 
zymes, the toxalbumins in solutions lose their activity at temperatures of 55° to 70° C. 
In the dry state they are able to withstand much higher temperatures. After injection 
into the tissues of an animal, toxalbumins do not act immediately, but after some hours 
or even after several days. In this respect they differ from ordinary poisons. 

According to the experimental investigations of Parclowsky, staphylococci injected 
subcutaneously into guinea-pigs pass very quickly into the blood, and are found within 
a quarter of an hour in the liver, spleen, and kidneys. They remain in the blood for 
from six to twelve hours, and then disappear. In the organs where they multiply they 
may remain as long as fourteen days. Fourto ten days befcre death they again appear 
in the blood. Streptococci produce in rabbits a general streptomycosis resulting fa- 
tally in from twenty to twenty-four hours. 

Should the composition of the blood be altered and the blood and tissue-juices be 
contaminated by the continuous introduction of harmful substances, a condition may 
be produced which may be designated as a dyscrasia produced by bacteria. It is to be 
noted, however, that the term dyscrasia, which was formerly much used to designate 
changes in the constitution of the blood and lymph, finds at the present time but little 
usage. 
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x 13. The pathogenic moulds and fungi belong, as do the Schizomy- 
cetes, to the uon-chlorophyllaceous thallophytes. They occur in the 
human organism in the form of jointed or unjointed and sometimes 
branching threads or hyphe, and short oval cells, the so-called conidia. 
At times they form fructification organs of peculiar structure. The sin- 
gle cells are much larger than those of the Schizomycetes, so that they 
may be seen with lower magnifying power. Outside of the body the 
moulds (.Mucorini) develop as velvety films of different colors, on the 
surface of many organic substances and fluids, from the carbon-com- 
pounds and salts of which they derive their nourishment. The yeast- 
fungi (Saccharomycetes) are found chiefly in fluids containing sugar, and 
are the cause of the alcoholic fermentation of the same. 

The spores or conidia, which are for the greater part formed in spe- 
cial organs of fructification, but may also be developed by a simple proc- 
ess of constriction of the ends of the hyphe, pass into the air from the 
surface of the mould-film and may be widely scattered by the air cur- 
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rents. Likewise, yeast-cells may be carried about in the air, in the case 
of the evaporation of a fermenting fluid and the conversion of its residue 
into dust. 

The Mucorini and the Saccharomycetes have a much less pathological 
significance than the Schizomycetes, in that only a few forms are able to 
multiply within the body, and those which do so multiply develop only 
in a very limited area, so that the disease remains a purely local one. 
Finally, they produce no poisons capable of affecting the organism as 
a whole through the blood or nervous system, but at the most only sub- 
stances which cause changes in the tissues in the immediate neighbor- 
hood of the hyphx. They can therefore produce only local infectious 
diseases. 

The avenues of entrance for these organisms are, in general, the same 
as those for the bacteria. The development of moulds is almost entirely 
restricted to regions accessible from without. Very frequently they de- 
velop only in the necrotic material lying on the surface of the affected 
area of skin or mucous membrane or wound. Thus, for example, the 
external ear, through uncleanliness, presence of cerumen, or of oil which 
has been dropped into the canal, may become the seat of a growth 
of moulds. These may develop also in necrotic areas in the lungs 
or in desquamated epithelium and food-remains in the mouth-cavity. 
Through the ingestion of fermenting fruit-juices, a further development 
of yeasts may take place in the stomach. Not infrequently, under 
other conditions, the stomach may contain yeasts in small numbers. The 
changes produced by the saprophytic development of the moulds and 
yeasts are in general insignificant, that of the latter being practically nil. 
Inflammatory changes may be set up by the moulds, as a result of the 
chemical changes produced in the materials affording them nutriment. 
The local action may be increased through the penetration of the hyphe 
into the living epithelium, in that the hyphe in this way enter into close 
relations with the epithelium and thereby take on the nature of a para- 
sitic growth. Under certain conditions the moulds may even penetrate 
into the connective tissue, but their development there is of a very lim- 
ited character. Only in very rare cases and under special conditions 
has a metastasis of conidia through the blood or lymph been observed. 
The deposit of conidia in other organs may be followed by a develop- 
ment of hyovhe, which may give rise to local degenerations and inflam- 
mation. From these secondary foci no further spread of the mould oc- 
curs. 

The parasitic röle of the moulds is most pronounced in the case of a 
few forms which are found in the skin, developing in the epidermis and 
its adnexa, the hair and nails, and giving rise to peculiar epithelial de- 
generations and inflammations of the papill® and corium (favus, herpes 
tonsurans, pityriasis versicolor). In rare cases yeasts may also develop 
in the deeper tissues, and cause inflammation and tissue-proliferations. 
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§ 14. The production of disease by animal parasites is most fre- 
quently brought about by the introduction of mature parasites, larve, 
or eggs into the intestinal tract through the medium of the food and 
drink or by unclean fingers. This is particularly true of those parasites 
whose habitat' is in the intestine or the tissues located within the body; 
such parasites are accordingly designated as Entozoa. Parasites living 
in the outer tissues, as the skin, are termed Epizoa ; they remain either 
on the surface of the skin or penetrate into the same from without. 
The passage of parasites from the intestine into the internal tissues and 
the changes thereby produced constitute the condition which is usually 
called, after the designation first used by Heller, an invasion-disease. 
The animal parasites for the greater part produce only local changes, 
but they can also cause symptoms of a general disease, particularly when 
the parasites increase in the body and are preseut in great numbers in 
the blood or certain tissues, or when they produce toxic substances. 

The parasitic protozoa are partly harmless parasites, which develop 
in the secretions of the mucous membranes without causing pathological 
changes. Other forms, on the contrary, can penetrate into the living 
tissues, increase inside of cells, and give rise to local morbid changes, 
characterized chiefly by peculiar new-formations of tissue (coccidia-dis- 
ease of the rabbit’s liver, epithelioma contagiosum). Certain forms, 
which are probably to be classed as Sporozoa, increase in the blood, as 
inhabitants and destroyers of the red blood cells, and are the cause of 
the infectious disease known as malaria. It is not impossible that other 
infectious diseases, for example, small-pox, are caused by parasites be- 
longing to the Protozoa. 

The parasitic worms (Nematodes, Cestodes, Trematodes) occur in 
man, partly in the adult aud fully developed sexual state, and partly in 
the larval state. In the first case they are for the greater part intestinal 
parasites, which obtain nourishment from the intestinal contents, rarely 
sucking the blood from the intestinal mucosa. Fully developed worms 
are also found in other regions, as in the blood- and lymph-vessels, bile 
passages, lung, pelvis of the kidney, and in the skin. The eggs or fully- 
developed larvze produced in the body by parasitic worms are either cast 
out with the dejecta or, through active wandering or metastasis through 
the blood or lymph, finally reach other organs of the body, where they 
pass the first stage of their development. Here they remain, however, 
in a larval condition, and do not reach sexual maturity. The larve are 
capable of further development only when they have been taken into a 
new host. 

The worms which reach their sexual maturity in the human body are 
taken in as larve through the food and drink. Their first stage of de- 
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velopment is passed in the great majority of cases in animals whose flesh 
is used for food; in other cases in certain of the lower animals not used 
as food. Others develop in water or damp earth or even in the human 
intestine, so that the embryos or eggs, which pass off with the dejecta, 
develop at once in case they are again introduced into the intestinal 
tract of man. 

The worms which occur in man only in the larval condition (hydatids) 
develop from eggs which have come from sexually mature worms, which 
inhabit different animals. They are taken into the intestinal tract usu- 
ally in the food or drink, but under special conditions eggs capable of 
development may be contained in the dust of the air, and, being inhaled 
and finally reaching the intestinal tract, complete the first stage of de- 
velopment. 

The intestinal parasites for the greater part produce only slight dis- 
turbances, though they may cause mechanical irritation of the intestine. 
The presence of blood-sucking worms in large numbers (Anchylostoma 
duodenale) can cause anemia. Those parasites which enter the tissues 
may cause in their vicinity mild inflammation and proliferation of tis- 
sue, which may produce more marked clinical symptoms when the num- 
ber of the parasites (trichina-larvs) in the tissues is very great. Others 
are of pathological importance, in that they reach a large size (echino- 
coccus cysts) and thereby crowd aside and compress the neighboring 
structures, . 

Otherwise their pathogenic significance depends essentially upon their 
location. A parasite situated in the muscles or subcutaneous tissue may 
cause very slight symptoms, while one in the eye, medulla oblongata, 
heart, or blood-vessels may cause severe disturbances, and under certain 
conditions death. 

The parasitic arthropoda (Arachnida and Insects) come to the human 
body partly from the outer world, partly from infected animals, and 
partly from infected human beings. They belong almost wholly to the 
Epizoa, which have their habitat in and upon the skin and accessible 
mucous membranes (lice, bedbugs, fleas, mites) or only occasionally take 
their nourishment from the skin (gnats, gad-flies, flies), a few multiply 
either in the skin (itch-mite) or upon its surface (lice). Flies and gad- 
flies occasionally lay their eggs upon the mucous membranes or surfaces 
of wounds, and from the eggs so laid larv may develop. The larva of 
an arachnoid (Pentastoma denticulatum) is alone found in the internal 
organs. In so far as the Arachnida penetrate into the tissues (epider- 
mis, hair-follicles, and sebaceous-glands), they cause irritation and in- 
flammation; the bite of insects that suck blood is also followed by an in- 
flammation in the neighborhood of the puncture. 

Attention has recently been directed to the possibility that mos- 
quitos, stinging flies, gad-flies, bed-bugs, lice, etc., may be the conveyers 
of an infection, in that bacteria or protozoa may by chance be attached 
to their bodies, or that in the act. of sucking blood of an infected man or 
animal they may take up into their bodies either bacteria or protozoa 
and later convey them to other individuals. So far as experience goes, 
the danger of such conveyal is not very great in the case of the majority 
of the infectious diseases, since the bacteria thus taken up die after a 
time; yet it is probable that such conveyal does take place, as, for ex- 
ample, in plague, infection with pus-cocci, and anthrax. This method 
of conveyal is of chief importance in malaria, in that the plasmodia taken 
from the blood of infected individuals by mosquitos (anopheles) undergo 
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further development in the body of the mosquito and produce a new generation, 
which through the bite of the mosquito is transferred to another individual, 80 
that the spread of malaria is accomplished through mosquitos. Similar 
conditions exist also in the case of the tsetse-fly disease and Texas fever 
of cattle, the latter being conveyed by ticks. Further, it is claimed by 
Manson, Sonsino, and others that the infection of man with the filaria is 
also brought about through the agency of mosquitos. 
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Il. The Intrinsic Causes of Disease. Predisposition, Idiosyncrasy, 
and Immunity. Inheritance of Pathological Conditions and 
Diseases. 


§ 15. The view is very frequently advanced that all pathological con- 
ditions are ultimately to be referred back to external causes. This is 
correct only in so far as the development of the human species, as well 
as that of the human individual, is not the result of a definite scheme of 
evolution of successive forms of animal life, but rather has been, and is 
still, purely the result of the action of external influences. If, on the 
other hand, the life of a single individual be alone regarded, there can 
be no doubt that for the origin of many pathological changes and diseases, 
certain qualities originating, partly in the congenital anlage and partly ac- 
quired in the course of life, play a röle of very great importance. 

The peculiarity of somatic qualities is shown in one of two ways: 
either in a changed condition of the power of the organism to resist ex- 
ternal influences, or in that pathological changes of tissue or disturb- 
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ances of function arise independently of external influences. The first 
finds expression in those qualities of the body designated as predisposi- 
tion, idiosyncrasy, and immunity; the latter in certain inheritable, patho- 
logical conditions and functions of single tissues and organs or of the entire 
organism, which develop from congenital anlage without the aid of external in- 
fluences. 

Predisposition and immunity play an especially important réle in 
the origin of the infectious diseases. Man possesses an absolute im- 
munity or insusceptibility to many of the micro-organisms pathagenic 
for animals; as, for example, the bacteria of swine-plague, swine- 
erysipelas, symptomatic anthrax. It is, therefore, to be inferred that 
the character of his tissues and tissue-juices does not favor the entrance 
and multiplication of the organisms causing these diseases. 

On the other hand, the human race shows an especial predisposition 
or susceptibility for other diseases, such as small-pox, vaccinia, measles, 
and influenza, so that the great majority of human individuals in the 
course of life acquire these diseases. In the case of other diseases, as 
scarlet fever, pneumonia, typhoid fever, diphtheria, the susceptibility 
seems much less, but it is not possible to determine exactly to what ex- 
tent the greater rarity of these diseases is dependent upon the fact that 
the individuals not affected are not exposed to the infection. 

In the case of many infectious diseases, there is a greater suscepti- 
bility shown in childhood than in old age; as, for example, diphtheria, 
whooping-cough, and scarlet fever. Further, there are also variations 
in the degree of susceptibility at different times, as, for example, an in- 
dividual may be exposed at certain times to measles without becoming 
infected, while at other times under similar conditions he may contract 
the disease. 

In the case of many pathogenic organisms there appears to be neces- 
sary for the entrance of infection a certain favoring condition or temporary 
increase of susceptibility. As evidence of this may be taken the fact that 
in the human intestinal canal, and especially in the mouth and throat, 
as well as in the respiratory tract, pathogenic organisms (streptococci, 
staphylococci, pneumococci, tubercle bacilli) may be present without the 
occurrence of an infection. It may also happen that cholera spirilla 
may increase abundantly in the intestine without causing marked symp- 
toms. 

Such occurrences may be explained in part by a decrease or loss of 
virulence on the part of such bacteria, but this explanation cannot be 
applied to all cases. In many instances it must be assumed that the 
harmlessness of the bacteria is due to the ability of the tissues to hinder 
their entrance into the deeper parts. In some cases this may depend 
upon the structure and organization of the tissue, in other cases chemical 
substances may have a determining influence (see § 30). In favor of the 
first assumption lies the fact that tissue-lesions, which permit of the 
entrance of bacteria, bring about an infection. A wound, therefore, 
in whatever way produced, forms a local predisposition, and the disease, 
in such cases, bears the character of a wound-infection. Infections 
caused by pus-cocci, tubercle bacilli, tetanus bacilli, glanders, and an- 
thrax bacilli are often of this character. 

Other causes leading to an increased predisposition to infection are 
less easily recognized. Jt appears that severe chilling, “taking of cold,” 
may have this effect; also changes in the tissues due to preceding infectious 
or non-infectious local or general diseases. In the case of intestinal infec- 
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tions (typhoid, cholera), gastro-intestinal disturbances, diminished acidity 
of the stomach contents, overloading of the intestines, retention of the 
contents, etc., play an important réle. Not infrequently it is impossible 
to determine what causes have favored the production of an infection at 
a given time. 

Special predisposition or special lessened resistance of the organ- 
ism is also not infrequently shown to other injurious agents than those 
of infectious nature. Certain individuals are less able than others to 
stand external high temperatures, particularly if at the same time bodily 
labor is performed. Of the soldiers on a march only a fraction may 
suffer from heat-stroke, although all are under the same conditions. The 
altitude at which different individuals, during mountain ascents and bal- 
loon voyages, become sensible of the deficiency of oxygen, varies greatly. 
The after-effects of chloroform anesthesia differ greatly in different in- 
dividuals. Many individuals become exhausted through physical or 
mental labor at a time when in other individuals, under like conditions, 
no trace of such exhaustion is discoverable; and such influences operat- 
ing daily upon a brain, in cases of especial predisposition, may lead to 
diseased conditions. 

Occasionally certain individuals show a sensitiveness toward particu- 
lar external influences, which is wholly anomalous to that usually ob- 
served, so that symptoms of disease may be caused by influences which 
ordinarily do not affect the majority of mankind. Such a peculiar sen- 
sitiveness is designated idiosyncrasy. It is exhibited particularly in 
reference to certain chemical substances, in that certain articles of food 
or drink regarded as harmless act upon such persons as poisons. The 
eating of fresh fruit or sugar or salad produces, in certain individuals, 
nausea and vomiting. Others have an aversion to partaking of dishes 
prepared from liver or kidneys, and become ill if they overcome this 
aversion and eat these foods. Others still, after eating crawfish, lobster, 
strawberries, raspberries, morels, or asparagus, are affected with urti- 
caria. a disease characterized by an eruption of itching wheals, colic, and 
vomiting. Nota few persons are unable to drink boiled milk without 
unpleasant results therefrom. Alcohol, even in very small doses, may 
in certain individuals cause marked excitation, or narcosis, or remarka- 
ble disturbances of the vaso-motor system. The drinking of cocoa may 
cause cardialgia and dyspeptic symptoms. Doses of morphine or chloro- 
form, which are borne by the majority of mankind without injury, may 
cause in certain individuals severe symptoms or even death. Some in- 
dividuals show a high degree of sensitiveness, on the part of the mucous 
membranes of the respiratory tract, to the pollen of certain grasses, so 
that during the time of the hay-harvest the inhalation of the pollen 
which is widespread through the air gives rise to a catarrhal condition 
of the nose and conjunctiva, often of the larynx, trachea, and bronchi, 
which in severe cases may be associated with asthma and fever. These 
conditions are known as hay-fever, hay-asthma, or as pollen-diseases. 
Disinfecting fluids, corrosive sublimate or carbolic acid, in solutions 
which are ordinarily borne without discomfort, may, when applied to 
the skin of certain individuals, cause not only local disturbances of sen- 
sation and inflammation, but under certain conditions may excite an 
eczema which spreads over a large part of the hody. 

On what the peculiar idiosynerasy in individual cases depends is not 
clear. In many cases an especial excitability of the nervous system or 
of certain parts of the same may be regarded as the cause of the phe- 

4 


50 THE INTRINSIC CAUSES OF DISEASE. 


nomenon. In acquired idiosyncrasy, as, for instance, that exhibited 
toward certain articles of food, psychical factors may play a part. 


The great importance of the part played by natural predisposition and immunity 
in the origin of infectious diseases has not only been made evident by the study of the 
spread of epidemics among men and animals, but has received also abundant confirma- 
tion by numerous experimental investigations. If, for example, a mixture of different 
bacteria be injected into an animal, only a part of these will develop and produce tissue- 
changes; the others die. If the same mixture be injected into an animal of a different 
species, the bacteria which develop are not the same as those in the first case. Further, 
a certain form of bacteria which when inoculated into a certain species of mouse in- 
variably causes death, may, when inoculated into another mouse of different species, 
be without effect. Mice are very susceptible to anthrax, rats are nearly immune. The 
poison of the so-called septicemia of rabbits kills with absolute certainty rabbits and 
mice; guinea-pigs and rats are immune to it, while sparrows and pigeons are suscepti- 
ble. The spirilla of relapsing fever may be successfully inoculated only into apes. 
Gonorrhea, syphilis, and leprosy cannot be successfully inoculated into any of the 
lower animals. 

In the same species, different animals of different ages exhibit differences of sus- 
ceptibility toward certain organisms. Young dogs are easily infected with anthrax 
(Koch), old ones are not. 

Different experiments have shown that an immunity toward a certain infection 
may be destroyed by suitable action upon the tissue (Strotintn, “ Die Vebertragung von 
Typhusbacillen auf Versuchsthiere,” Zeitschr. f. Hyg., i., 1886). According to Roger 
(“Contribution & l'étude expérimentale ducharbon symptomatique,” Revue de meéd.> 
1891), the natural immunity of rabbits and pigeons against symptomatic anthrax may be 
overcome, if the non-pathogenic Bacillus prodiyiosus be inoculated at the same time with 
the bacillus of the disease. According to this investigator, the decomposition product 
of the prodigiosus that is soluble in glycerin exerts a modifying action upon the organism. 

According to Gottstetn (“ Beiträge zur Lehre von der Septikämia,” Deut. med. Wochen. 
schr., 1890), guinea-pigs may be made susceptible to the subcutaneous inoculation of 
chicken-cholera bacilli, to which they are naturally immune, through the injection of 
substances which destroy the red blood-cells, such as hydracetin or pyrogallol. This 
investigator concludes, therefore, that toxic substances, which render either man or ani- 
mals more susceptible to infection, act chiefly through a dissolution of the red cor- 
puscles. According to Leo (“ Beiträge zur Immunitätslehre,” Zeitschr. f. Iyg., vii., 1890), 
white mice which are immune to glanders may be made susceptible to inoculations with 
the bacilli of this disease by mixing with their food a small quantity of phloridzin, 
which causes a toxic diabetes. 

According to Canalis and Morpurgo, pigeons may be made susceptible to anthrax 
through starvation. According to Lode, chilling of the body increases the suscepti- 
bility to infection. 


The especial diseases to which the nez-born so frequently succumb are, aside from 
the conditions acquired during intra-uterine life, dependent partly upon a pathological 
weakness of the entire organism (especially in case of premature birth), and partly upon 
the surrounding conditions. Asphyxia, which is of such frequent occurrence, may 
arise either as the result of bodily weakness or of pathological influences exerted dur- 
ing delivery. Infectious discases may be acquired through the stump of the cord or 
through the accessible mucous membranes and respiratory tract during birth. Hemor- 
rhages are dependent partly upon traumatic influences exerted during birth, partly 
upon disturbances of circulation and upon infections. 

Children are, as has been shown by medical experience, more susceptible to many in- 
fections than adults; particularly so in the case of whooping-cough, diphtheria, measles, 
and scarlet fever. The skin of infants also offers less resistance to the entrance of pus- 
cocci than that of older individuals. In this connection it should be noted that the 
slight susceptibility or the immunity of many adults is dependent upon the fact that 
they owe their immunity to attacks of such diseases during childhood. Further, it 
should be remarked that children are more exposed to certain infections, for instance, 
tuberculosis, than are adults. 

In later life hemorrhages, softening of the brain, cardiac degenerations, cancerous 

owths, and the formation of gall-stones are of especially frequent occurrence. The 
isease of the arteries known as arteriosclerosis, and also gout, may appear even in the 
late years of middle life. The predisposition in old age to certain diseases depends in 
part upon degenerative processes, associated with premature senility of the tissues; in 
part also upon the fact that certain influences, which the years bring with them, grad- 
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ually accumulate, so that finally the changes which they produce become so prominent 
that they lead to functional disturbances, and thereby to recognizable morbid condi- 
tions. Moreover, it is to be remarked that many pathological symptoms of old age are 
secondary diseases, which become apparent only after other tissue-changes have 
reached a certain degree. For example, senile hemorrhages, senile gangrene, degenera- 
tions of the brain and heart are dependent upon disease-processes occurring in the 
arteries. 

The predisposition of the sexes to certain diseases depends, in the first place, upon 
the especial structure and function of the sexual apparatus. The conditions of preg- 
nancy and the puerperium offer an especially favorable field for many diseases, as, for 
example, for infection through wounds. Moreover, the different relations of the sexes 
to many diseases may be explained by differences in the modes of labor and in the hab- 
its of living of the two sexes. 

Differences of predisposition of different races are shown particularly in regard to 
malaria and dysentery, toward which the negro in general shows less susceptibility 
than the European. The Japanese are said to be more susceptible than tlıe European 
toward beri-beri. 
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§ 16. Among the morbid conditions originating from intrinsic 
causes, that is, without the aid of specific extrinsic influences, and 
which either appear spontaneously or are developed through any ex- 
ternal influence whatsoever, there may be distinguished different. groups; 
namely, one in which the body as a whole—the constitution—is in- 
volved; another in which only a part of the body as a system or an or- 
gan is affected; and, finally, a third in which only a part of an organ 
presents functional or anatomical changes of a pathological nature. It 
must be noted that there is no sharp dividing line between these groups, 
inasmuch as local pathological changes may be associated with constitu- 
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tional conditions. Further, it is often very difficult or impossible to de- 
termine exactly what part intrinsic and what part extrinsic causes have 
taken in the production of such pathological conditions, inasmuch as 
the force of the external influence which has called the pathological pro- 
cess into activity cannot be estimated with certainty. 

Among the constitutional diseases arising from intrinsic causes 
are to be mentioned, first, the development of dwarfs and giants, dis- 
turbauces of growth, the first of which is marked by an under-develop- 
ment of all the parts of the body, both of the skeleton and the soft 
parts, while the second is characterized by a growth exceeding that of 
the ordinary individual. | It cannot be doubted that both dwarf and giant 
growths are often purely dependent upon a congenital tendency; but the 
same effects can be produced, at least in so far as the inhibition of 
growth is concerned, by harmful influences exerted during the period of 
development. and growth. It cannot always be told with certainty 
whether an abnormal bodily growth is dependent upon a congenital ten- 
dency or upon pathological influences during the period of growth, as, 
for example, upon disturbances of growth due to disease or loss of the 
thyroid gland. . 

The same difficulty is presented in cases in which the body has at- 
tained full development of stature, but manifests a general feebleness of 
constitution, as shown by its inability to withstand a great variety of 
external influences. Such condition may arise either from congenital 
defective and weak anlage or from harmful influences which have at- 
tacked the body during intra- or extra-uterine life; or further, congeni- 
tal weak anlage and external weakening influences may have affected the 
development of the individual in an equal measure. 

A further constitutional peculiarity, which is founded upon a spe- 
cial congenital anlage, is corpulence (obesity, adipositas, lipomatosis uni- 
rersalis), a condition in which fat is deposited in an excessive amount, 
either in the tissues normally containing fat, or further, in regions which — 
normally contain no fat, as, for example, beneath the endocardium or 
between the muscles. The increased deposit of fat is ultimately to be 
referred to a disproportion between fat-production or fat-supply and fat- 
consumption, the pathological increase of fat being at one time depend- 
ent upon an abnormal increase of fat-production, at another on a de- 
crease of fat-consumption. Daily experience teaches that the energy 
With which metabolism goes on in the body differs greatly, and changes 
also at the different periods of life, so that the normal amount of nour- 
ishment tends at one time to fatten, at another time does not. 

In the pathological condition termed obesity, which in part rests 
upon @ congenital tendency, the energy of the protoplasmic forces of 
destructive metamorphosis is weakened, so that an abnormal amount of 
fat is deposited, even when only a moderate or even a decreased amount 
of nutritive material is supplied to the tissue. 

Gout, like obesity, is also a constitutional disease, which is chiefly 
dependent upon a congenital anlage and is produced essentially by in- 
trinsic causes. The exact nature of the disease is not yet known. It is 
characterized by deposits of uric acid in the tissues. According to Gar- 
rod and Ebstein, the acute attacks of gout are caused by an accumula- 
tion of uric acid which has its origin either in the kidneys or in local 
conditions. On the other hand Pfeiffer holds that the essential feature 
of the gouty tendency consists in the fact that the uric acid is produced 
in a form which is soluble only with difficulty. According to von 
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Noorden, the formation and deposit of uric acid is only a secondary 
process, which is induced by the presence of a certain ferment having 
only a local action, and is consequently not dependent upon the amount 
or character of the uric acid formed in other parts of the body. 

Pathological changes arising in single systems and organs from 
intrinsic causes may occur in any part of the body, and may involve 
an entire system or organ, or only a part of one. 

In the skeleton there may occur abnormal development of single 
parts, as, for example, an abnormal smallness of the extremities (micro- 
melia) or of the head (microcephalus) in contrast to the size of the 
trunk; an abnormal over-development of a bone or group of bones 
(macrocephalus, macrodactylism, giant growth of a finger, entire foot, 
or of an extremity); malformations of the extremities (cleft-hand, cleft- 
foot, etc.). Occasionally supernumerary bones, as carpal bones or 
phalanges, may develop, giving rise to supernumerary fingers. Fur- 
ther, there may be developed atypical formations, such as bony out- 
growths (exostoses, hyperostoses), which may extend over the skeleton 
to a greater or less extent, originating either spontaneously or following 
some traumatism. 

In the muscular system there occur particularly pathological bony 
formations, either single or multiple (myositis ossificans), which, in the 
period of childhood, occasionally lead to a progressive stiffness of the 
muscles, through the transformation of muscle into bony plates. 

In the vascular system there occur either gross anatomical changes, 
such as abnormal branching of the arteries, pathological development 
of the heart, or finer changes, which reveal themselves through some 
abnormal action on the part of the circulatory apparatus or through a 
tendency to hemorrhages (hemophilia) which take place spontaneously, 
that is, without our being able to demonstrate the action of some in- 
jurious influence upon the heart or blood-vessels. 

During the development of the central nervous system there may 
occur primary disturbances, which in part may manifest. themselves only 
through some pathological disturbance of function or some special predis- 
position to disease, while others are distinguished by gross anatomical 
changes, such as abnormal smallness of the brain (mierencephalon) or of 
the spinal cord (mieromyelia), defective development or absence of par- 
ticular parts (see chapter on malformations), misplacement of the gray 
matter (heterotopia of the gray substance), abnormal formation of cavi- 
ties (syringomyelia), or abnormal formations of neuroglia. These dis- 
turbances may involve the functions of the sensory organs and the motor 
centres, and even to a greater extent the psychical processes. The mor- 
bid conditions known as idiocy, epilepsy, periodic and circular insanity, 
hysteria, neurasthenia, as well as paralysis, mania, melancholia, and 
dementia, may have their origin in a congenital predisposition. Re- 
cently the tendency to erime has also been ascribed to a congenital pre- 
disposition, and Lombroso, in particular, has endeavored to prove that. 
the man who lives only through crime and for crime, the Homo delin- 
quens, iS a congenital criminal—that is, a man who suffers from bodily 
and mental abnormalities, who possesses other physical and psyehical 
characters than the normal man or even than one who is simply men- 
tally unbalanced, in that he presents the symptoms of a forın of degener- 
ation tending in a well-defined direction. According to Lombroso, a 
subnormal development of the anterior half of the cranium, associated 
with a corresponding lack of development of the anterior portion of the 
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cerebrum, in connection with an over-development of the posterior por- 
tion, produces a feebler development of the intelligence and of the moral 
sense, and favors a strongly developed instinct-life. Benedikt even goes 
so far as to maintain that the criminal possesses a peculiar configuration 
of the cerebral convolutions, similar in type to those of beasts of prey. 

The views of Lombroso and Benedikt have met with much opposi- 
tion, and have been attacked as incorrect. There can be no doubt that 
there does not exist a degenerate species of the human race, which is 
characterized by such anatomical peculiarities as to make it possible for 
us to distinguish a class of Homo delinquens from that of Homo sapiens. — 
All the somatic peculiarities regarded as characteristic of the criminal 
type—as, for example, the beast-of-prey type of cerebral convolutions, 
slightly developed frontal brain, receding forehead, massiveness of the 
lower jaw, prognathia, asymmetry of the cranium, marked prominence 
of the arcus superficialis and arcus frontalis, pathological conformations 
of the skull, ete..— while relatively frequent in criminals, are also far 
from being infrequent in normal men. On the other hand, it is not to 
be doubted that the tendency to crime is very frequently dependent upon 
a congenital predisposition having its seat in some special organization 
of the central nervous system. In this respect the criminal resembles 
the insane individual; further, mental diseases—for example, epilepsy 
and hysteria—are often observed in criminals. 

Pathological cerebral functions may develop primarily in individuals 
possessing such morbid predispositions—that is, witaout external influ- 
ences playing any part in the production of the disturbance, so that the 
person concerned may manifest pathological disturbances of cerebral 
functions without the concurrence of any external injury, either during 
the period of development and growth or later. On the other hand, in 
other cases, external influences—such as mental work, sorrow, care, 
psychical irritation, disease, etc.—are the causes which give rise to the 
particular illness—that is, to the occurrence of pathological brain or 
spinal-cord functions. In these cases the inherited tendency consists 
only in an abnormal weakness, a predisposition to disease of the central 
nervous system, so that insignificant influences which would produce no 
recognizable effects upon a normal individual are sufficient to excite the 
morbid phenomena. Since many influences, as diseases, infections, 
psychical irritations, are adequate under certain conditions to produce 
mental diseases in individuals who must be regarded as normal, it is 
clear that in many instances it is difficult and often impossible to deter- 
mine what part the intrinsic causes—the inherited predisposition—and 
what part the extrinsic causes have had in the production of a disease 
of the central nervous system. 

In the case of the peripheral nerves, it is especially their connective- 
tissue elements which often take on a pathological activity of growth 
under the influence of intrinsic causes. This activity may manifest it- 
self partly in the form of diffuse thickenings (fibromatosis of the nerves), 
which are situated either along the course of those nerves large enough 
to be dissected with the knife or along the finer nerves, often in large 
numbers through the entire nervous system, and occasionally involving 
the entire territory of the peripheral nerves, the skin being most fre- 
quently affected (multiple fibromata of the skin). In individual cases 
the fibromatosis of the nerves is associated with an increase in the num- 
ber of nerve-fibres, so that within a given area of nerve-distribution 
there will be found a great increase of nerve-fibres, thickened through a 
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pathological increase of the endoneurium and for the greater part twisted 
and wound into serpentine forms (cirsoid neuroma, plexiform neuroma). 

Among the pathological conditions of the visual apparatus are to 
be mentioned in particular dyschromatopsia and achromatopsia, con- 
genital partial or total color-blindness, which are frequently spoken of 
as Daltonism, and are characterized by a want of perception for certain 
colors (most frequently for red and green) or for all the colors. In this 
same category belongs further the typical pigment degeneration of the 
retina, in which there occurs a peculiar spotted, black pigmentation of 
the retina, associated with a diminution of central sharpness of vision 
and light-perception, with a narrowing of the visual field. Finally, 
certain forms of myopia, also albinism (absence of pigment in the 
choroid), the latter condition also involving the structures of the skin, 
are to be considered in this connection. 

Of intrinsic conditions of the auditory apparatus deaf-mutism is of 
chief importance; this condition, in part at least, is dependent upon a 
primary disturbance of development. Further, certain malformations 
of the external ear fall into this class. 

In the skin and subcutaneous connective tissue new-growths may 
develop from congenital anlage, consisting of proliferations, sometimes 
of connective tissue, at other times of epithelium. They often involve 
particular parts of the skin, as the cutaneous nerves, blood-vessels, 
lymph-vessels, or the adipose tissue. When occurring as extensive 
thickenings of the skin and subcutaneous tissue, they constitute the 
foundations of the conditions known as fibromatous, neuromatous, 
hemangiomatous, lymphangiomatous, and lipomatous elephantiasis. As 
circumscribed growths they are known as birth-marks, fleshy moles, 
lentigines, freckles, and tumors of the blood- and lymph-vessels. The 
epithelial hypertrophies give rise to those conditions designated as fish- 
scale disease or ichthyosis, ichthyotic warts, and cutaneous horns. 

In addition to the pathological conditions which have been mentioned, 
there are also malformations of the body (see chapter on malforma- 
tions) or also of internal organs which must: be regarded as primary— 
Le., which are not produced by injurious influences exerted upon the 
developing foetus. Finally, many forms of tumors (see chapter on 
tumors) are to be placed in this class, particularly those which are found 
to be already developed at birth or which develop during childhood. 
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§ 17. The origin of diseases attributed to intrinsic causes—that is, 
of diseases in which extrinsic influences are either entirely absent during 
both intra- and extra-uterine life, or are of significance only as a source 
of irritation sufficient to excite into development pathological tendencies 
already present in the body—may be explained in two ways: Either the 
pathological peculiarities of the individual concerned are inherited from the 
ancestors, or they are developed from the seed, i.e., from the individual sexual 
nuclei that have copulated or from the segmentation nucleus resulting from 
their union. 

The inheritance of pathological qualitiesis a fact clearly shown by 
clinical observations, inasmuch as many of the examples of diseases due 
to intrinsic causes which are cited In §16 also appear as inheritable 
characteristics in certain families. In some cases these characteristics 
are transmitted from the parents to the children, in other cases the 
grandchild may exhibit pathological peculiarities of the grandparents, 
the parents themselves remaining exempt; finally, in other cases the 
pathological peculiarity may be manifested in individuals of the collat- 
eral branches, as from uncle to nephew. Dwarfishness and giantism are 
pathologieal peculiarities which frequently characterize certain families. 
Six fingers, cleft-hand and cleft-foot, hare-lip, dextrocardia, birth-marks, 
multiple exostoses, fibromatosis of the nerves, and multiple neurofibro- 
mata may appear in families for many successive generations. 

Congenital hemophilia is also an inheritable condition, which is 
ordinarily transmitted through the daughter to a male grandchild, the 
daughter not showing the disease. There may occur, however, a direct 
transmission of hemophilia from parents to children. Partial or total 
color-blindness also occurs as an inheritable family disease, especially 
affecting the male members, and like hemophilia is transmitted through 
the fem:le line, which does not suffer, to the male descendants. The 
typical pigment-degeneration of the retina, myopia, deaf-mutism, cer- 
tain forms of progressive muscular atrophy, and polyuria (Weyl) are 
also inheritable. 

According to Gairdner and Garrod, in about ninety per cent of the 
cases of gout there is a family history of the disease. 

Of the pathological conditions of the nervous system many are in- 
heritable; to these belong especially periodic and circular insanity, 
epilepsy, hysteria, congenital insanity, and to a somewhat less extent 
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melancholia, mania, delusional insanity, and alcoholism. Progressive 
paralysis, the deliriums, and the conditions of nervous exhaustion are 
but slightly influenced by heredity (Kraepelin). Hagen estimates the 
number of hereditary insane at 28.9 per cent, Leidesdorf at 25 per cent, 
Tigges at over 40 per cent of all cases, while Forel holds that 69-85 per 
cent may be accounted for by heredity. 

In the most severe forms of hereditary degeneration the pathological 
condition itself is inherited, but more frequently the predisposition to 
disease is alone inherited and the morbid condition itself is developed 
through the action of extrinsic harmful influences upon the central ner- 
vous system. The character of the disease in the descendants may be 
the same as in the ancestors (identical heredity). More often the charac- 
ter of the disease is changed (transformational heredity), not infrequently 
in the sense that the severity of the condition increases from generation 
to generation (degenerative heredity). 

According to Morel, there may appear, for example, in the first gen- 
eration, nervous temperament, moral depravity, excesses; in the second, a 
tendency to apoplexy, severe neuroses, alcoholism; in the third, psychi- 
cal disturbances, suicidal tendency, intellectual incapacity; finally, in 
the fourth, congenital idiocy, malformations, and arrests of development. 

The occurrence of inheritable diseases is by no means remarkable; 
it is a well-known fact that in a family not only the peculiarities of race, 
but also of that particular family are inherited, and that very often the 
characteristic qualities of either parent or of both recur in the children. 
As a hypothesis for the explanation of heredity, it is only necessary to 
assume that the peculiar quality under consideration represents not 
merely a somatic change accidentally acquired during the life of the an- 
cestor, but much rather a quality of the ancestor developed from a con- 
genital anlage. Diseases which in a normal individual arise only un- 
der the influences of some external injurious influence are never in a true 
sense inherited (compare § 19), but only those pathological conditions 
eristing in the germ are to be regarded as examples of true inheritance. 
If a certain disease, as, for example, a mental disease or myopia, is the 
product of a special inherited predisposition plus the effect of injurious 
influences which have acted upon the body during life, only that. part 
can be transmitted which has its seat in some peculiar congenital anlage, 
but not that caused by external influences—the acquired condition can- 
not be inherited. 

In direct inheritance—i.e., in that form of inheritance in which 
parental qualities are transmitted to the child—the transmission of nor- 
mal as well as of pathological qualities is possible only when both sexual 
cells, in the condition in whieh they combine, contain the potentialities 
of the characteristics of both parents, in so far as these characteristics 
are transmissible. The product. of the union of the sexual cells—the 
sermentation-cell— must, therefore, contain within itself both the pa- 
ternal and maternal qualities. Since the sexual cells do not represent 
a product of the body developing during the course of life, but are rather 
to be regarded as independent structures, which at an early period of 
development are separated from the other parts of the body (that is, from 
the somatic cells) into special organs, where, protected and nourished by 
the body to which they belong, they lead an independent existence; the 
only possible explanation for the phenomenon of inheritance is found in 
the hypothesis that the individual sexual cells contain, from the time of 
their origin onward, the potentialities of the same qualities which appear 
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in the body in which they dwell. Both the sexual cells and the body 
itself, therefore, inherit in general the same qualities from the ancestors. 
Since in the act of fructification only the nuclei of the sexual cells—that 
is, parts of the same—come to copulation, we are compelled further to 
assume that the nuclei are the bearers of inheritable qualities, and the 
peculiarities of the individual arising from the combination of the sex- 
ual nuclei have their foundation in the organization of the nuclei. 

The appearance in the descendants of normal or pathological char- 
acters belonging to the collateral relatives (uncle, great-aunt, or cousin), 
but which are not present in the parents, is known as collateral inheri- 
tance. This phenomenon is explained by the hypothesis that the sexual 
cells, in their origin, received characteristics which the bodies of the 
parents did not receive, or which, at least, did not undergo development 
and manifest themselves in the parental bodies, whereas in certain rela- 
tives they did become manifest. 

The appearance in an individual of normal or pathological character- 
istics which were wanting in the parents, but were present in the grand- 
parents or great-grandparents, is known as atavistic inheritance. This 
phenomenon is explained by the hypothesis that given characteristics of 
the grandparents or great-grandparents were transmitted to the sexual 
cells of the son, or of the son and grandson, without developing in the 
body of the first, while the quality thus remaining latent became again 
manifest in the grandson or great-grandson. 

The attempt has been made to give to the atavistic mode of transmis- 
sion—which is of frequent occurrence and is usually confined to the 
immediate generations of ancestors—a wider significance in pathology. 
Thus it has been proposed to explain the occurrence of many newly aris- 
ing pathological conditions, which appear similar to certain somatic 
qualities possessed by remote animal species in the ancestry of man, as & 
reversion to the type of these ancestors. For example, microcephalus 
and micrencephalus have been explained as a reversion to the ape type; 
and Lombroso is inclined to regard the homo delinquens as an atavistic 
phenomenon. There can be no doubt that certain writers have gone too 
far in this respect and have mistaken certain acquired pathological for- 
mations or new gerin-variations (compare § 18) for atavistic conditions. 
Aside from the question of reversion to the type of the nearest genera- 
tions of ancestors, atavism plays but an insignificant part in pathology, 
and it can really be employed only in the explanation of pathological 
formations in which the tissues show a certain fluctuation of behavior, 
so that not rarely formations arise which in phylogeny or ontogeny rep- 
resent stages of the then normal conditions. In this category belong, for 
example, the occurrence of certain forms of the ear, supernumerary ribs, 
nipples, or mammary glands, and the development of certain muscles 
which are found in the most closely related mammals. 


It is held by many writers that ¢n indiridual cases, acquired pathological conditions 
may, under certain circumstances, be transmitted to the descendants, Some even affirm 
the possibility of hereditary transmission of deformities caused by injury, and regard 
such transmission as proved in certain cases. In support of their view they believe 
that they can refer to the hereditary transmission of birth-marks, malformations of the 
fingers, myopia, mental diseases, predisposition to tuberculosis, etc., as examples, ac- 
cording to their assumption, of discases which appeared in the first instance as ac- 
quired, and which were then transmitted to the descendants. Further, they hold that 
they can point to observations on animals, of which numerous accounts are found in 
the literature, as giving evidence that injuries may cause deformities which are later 
transmitted to the offspring. 
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An unprejudiced examination, however, of the material collected in support of 
this view shows that observations which establish the hereditary transmission of patholog- 
icul characteristics acquired in the individual do not exist. The alleged proofs are found 
in part to be based upon inaccurate observations, in part upon incorrect inferences 
drawn from accurate observations. For example, the assumption that the occurrence 
of a birth-mark in a child in the same region of the skin as that in which the mother 
has a scar is a proof of inherited deformity is wholly in the wrong, inasmuch as birth- 
marks and scars represent two entirely different pathological processes. If, among the 
descendants of a man who suffered from some form of mental disease and who showed 
this disease only after a certain age through the perversity of his actions, there appears 
an inheritable disease of the central nervous system, or if we note a similar occurrence 
in the case of myopia, we cannot conclude from such observations that the disease of 
the ancestor was purely an acquired condition. The term acquired, in the biological 
sense, can be applied only to that which in the course of the life of an individual arises 
purely from extrinsic influences, but not toa quality, the anlage of which existed al- 
ready in the germ-cell, although this quality did not become manifest until excited to 
development by extrinsic influences. Should there appear in a family inheritable men- 
tal diseases or hereditary myopia, the first case of such diseases may have already been 
due w some pathological alteration of the germ, although no manifestations of the dis- 
ease occurred until some of the outside influences of life excited it to activity, and so 
rendered possible the recognition of the pathological condition. The particular patho- 
logical condition in this case cannot, therefore, be regarded as a purely acquired disease. 

The observations of Brown-Séquard that guinea-pigs, in which epilepsy has been 
experimentally induced, can transmit the condition of epilepsy, have been shown by 
Sommer to be incorrect, in that the condition is not a true epilepsy, but a reflex 
epilepsy, and is not transmitted. 

Against the occurrence of an inheritance of acquired pathological conditions is the 
simple consideration that the human race, which is exposed to so many injurious influ- 
ences, and whose individual members suffer so frequently from disease and mutilations, 
would very soon arrive at a state of extreme misery and stunted growth and would 
eventually perish were only a small part of the acquired diseases transmitted to the 
descendants. Further, the origin of man and animal forms reproducing through ger- 
minal cells is in itself an argument against the possibility of the transmission of qualities 
acquired by the individual. 

The act of fructification—that is, the first step leading to the production of a new 
individual—is accomplished by the copulation of the sexual nuclei—that is, of the 
nuclei of the ovum and spermatozoin. According to the researches of the last decades, 
there can be no doubt that these nuclei are the bearers of the hereditary characteristics of 
the parents, and that the individuality of the copulating nuclei is inherent in the or- 
ganization of the same. It is impossible to conceive in what manner processes taking 

lace in the body cells can produce in the sexual nuclei, which lie within special cells 
in the sexual glands, such alterations of organization that they shall contain in poten- 
tial form the acquired characteristics of the body and transmit them, after copulation 
has occurred, to the descendants. 

Delage was able to fructify non-nucleated portions of the eggs of echinoderms, 
annelides, and mollusks with spermatozoa (merogony). He regards the union of the 
nucleus of the spermatozoön with the protoplasm of the egg as the essential feature of 
fructitication. This is not applicable to the ordinary method of fructification, but only 
shows that in exceptional cases the entrance of the spermatozoön into the protoplasm 
of the egg is sufficient for the setting-up of further development, and that the nucleus 
of the spermatozoön entering into the egg without uniting with the nucleus of the lat- 
ter exercises an especial influence upon the protoplasm of the egg. 

Darvin in his time represented the view that acquired characteristics could be 
transmitted to the descendants, and endeavored to make such phenomena intelligible 
by the theory that molecules from all the cells of the body contribute to the formation 
of the germ-cells, and that, consequently, alterations of the organism can be trans- 
mitted to the germ-cell. Nevertheless, there occur in the writings of Darvin state- 
ments which not only do not agree with this opinion, but directly contradict it. 
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§18. As has been explained in § 17, inherited diseases are always such as 
hare at the very first developed from intrinsic causes, that is, from certain 
anlage in the germ-cells ; or at least are diseases in which the predisposition 
thereto is a congenital characteristic. Conversely, the statement may be 
made that all normal or pathological qualities in the germ-cells are inheritable. 

Consequently, the questions as to the primary origin of inherited dis- 
eases are identical with the questions concerning the nature of the causes 
of intrinsic diseases—i.e., concerning the origin of those pathological 
qualities which we regard, when appearing later, as arising spontane- 
ously and dependent upon some congenital anlage. 

The first appearance of new pathological characteristics which are 
inheritable may be dependent upon the fact that as a result of sexual 
procreation—i.e., of the union of two sexual nuclei, one of which is the 
bearer of the transmissible qualities of the father, the other of those of 
the mother—new variations are constantly arising, so that the child is 
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never exactly like one parent; but, on the other hand, in addition to the 
qualities which the parents offer, it possesses also new qualities. Even 
if we assume that the sexual nuclei at times contain in potential form 
exactly the same characteristics as those of the parents, the product re- 
sulting from the copulation of these nuclei would present a certain 
degree of variation. In such a case, however, the differences between 
the children of such parents would be but slight. As a matter of fact, 
the different products of the same parents may show an infinite variety, 
by reason of the fact that the germ-cells themselves contain further a 
mixture of the transmissible characteristics of the paternal and maternal 
ancestors, and that this mixture is never the same in the individual 
germ-cells. 

In accordance with this is the fact that the children of a certain fam- 
ily always present important differences in both physical and mental 
qualities. A marked resemblance occurs only in the case of twins aris- 
ing from one egg—i.e., when the process of development of both chil- 
dren has started from the same act of copulation. 

The embryonal variations resulting from the mixture of two indi- 
vidually different hereditary tendencies can find their expression in 
the most varied qualities of the body and mind of the developing child. 
If these do not deviate in a marked degree from the characteristics which 
the different members of the family show, the conditions are regarded as 
normal and ordinarily receive no especial attention. If, on the con- 
trary, important differences of character are produced, the occurrence 
attracts greater attention; and, according to the value which it has for 
the individual concerned, is regarded at one time as something favor- 
able, at another time as something unfavorable, something pathological. 
When small, weak parents produce children who develop into large and 
strong individuals, or when the intellectual capacity of the children sur- 
passes that of the parents, the occurrence is regarded as favorable. If, 
as actually happens, a genius in any branch of human knowledge or skill 
suddenly appears within a family, without any evidence of an especially 
marked mental development in the ancestors, the phenomenon would 
attract general attention and be regarded as a fortunate event. But if, 
on the other hand, strong parents beget children who are weak or 
physically defective, or if they show a mental development inferior to 
that of their parents, or if they show a complete stunting of a part of 
their mental faculties, the newly appearing variation is regarded as abnor- 
mal, pathological. 

If we consider the experiences which the pathology of man and ani- 
mals furnishes, the assumption seems fylly warranted that of the 
transmissible pathological conditions and predispositions, very many, 
perhaps the majority, are referable to a variation of the germ based 
upon the amphimixis. For example, the group of hereditary patho- 
logical conditions and predispositions of the central nervous system, 
hereditary myopia, hemophilia, pigmentation of the retina, and poly- 
dactylism may arise in this manner. If such abnormal characteristics 
show themselves repeatedly in the children of the parents, who are them- 
selves normal and have healthy ancestors, it may be assumed that the 
germ-cells of the parents, though individually normal, have through 
their union given rise to a pathological variation. This hypothesis be- 
comes substantiated when one or both parents produce normal offspring 
through copulation with other individuals. 

Besides the variations which are the result of normal sexual repro- 
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duction, it is very probable that pathological germ-variations which lead 
to the development of transmissible pathological qualities may also arise 
through the action of injurious influences upon the sexual nuclei or the 
segmentation nucleus; or else that the process of copulation—that is, 
the union of the sexual nuclei—has been disturbed in some manner. 
The injurious substance may be a body-product, or it may come from 
without, and at the same time also produce its harmful effects upon the 
body. Consequently, in these cases we may speak of the acquiring of a 
transmissible pathological characteristic through the action of an extrinsic in- 
jurious influence. This does not mean, however, as has been accepted by 
many, that the tissues of the body, under the influence of extrinsic 
harmful influences, first suffer changes in themselves, and then transfer 
these changes to the germ-cells. It is to be believed, rather, that the 
harmful influence acts directly upon the sexual nuclei or the segmenta- 
tion-nucleus, producing in these a change of some kind, which later leads 
to a pathological development of the individual developing from the im- 
pregnated egg. It is a matter of no importance, so far as the nature of 
the resulting pathological variation is concerned, whether the somatic 
tissues also suffer changes, or of what nature such changes may be. 

If a transmissible pathological characteristic arises, it may, in case it 
does not affect life or prevent reproduction, actually be transmitted, al- 
though this does not necessarily follow. The chances that a particular 
characteristic will be transmitted are greatest when both parents possess 
the same quality, as, for example, when both parents are affected with 
hereditary deaf-mutism or with near-sightedness. If the characteristic 
is wanting in one parent, there is produced most frequently a new germ- 
variation, in which the pathological characteristic fails entirely to mani- 
fest itself, and in the following generations may completely disappear. 
If several descendants are begotten, the pathological characteristic, in 
case it is not wholly lost, may show itself in only a few of the descend- 
ants, and in these in either a modified or in an aggravated form. Not 
rarely it happens that the characteristic remains latent in one generation 
—that is, is confined to the sexual cells, and appears again in the second 
generation. 


There seems to me to be no doubt that, through the copulation of two sexual 
nuclei possessing different hereditary tendencies, variations may be produced, and that 
among these there may be some which are to be regarded as pathological. It is more 
difficult to answer the question whether, besides these, there are not also transmissible 
variations of a pathological nature, which arise through influences which affect the 
sexual nuclei or the segmentation-nucleus; and further, if we accept the existence of 
such variations, with what frequency do they occur. Wetsmann, according to his most 
recently published statements, holds the opinion that the basis of transmissible varia- 
tions is to be found, not in the amphimixis, but rather in the direct action of external 
influences upon the sexual nuclei. Starting from the assumption that the variable 
cells or cell-groups derived from the germ (by him designated as hereditary pieces or 
determinates) are represented in the germ-plasma by special particles, which are formed 
by the grouping together of a number of life-trophoblasts or biophores (molecular groups 
which represent the smallest units of life), and which he calls determinants or determin- 
ing pieces, he believes that he is warranted in ascribing the transmissible variation 
primarily to the changes produced by external influences in the determinants or group 
of determinants contained within the nuclear chromatin, so that finally the heredita 
pieces or determinates derived from them also suffer changes. He believes that suc 
an influence might be exerted by excessive nourishment of a determinant, causing it to 
grow more rapidly. For example, he regards it as possible that many congenital mal- 
formations (for example, an increase in the number of fingers and toes) can be referred 
to a reduplication of the determinant-groups caused by increased supply of nourish- 
ment. According to Weismann, the amphimixis has only a secondary influence in the 
origin of a permanent variation, in that it mixes in constantly new manner the varia- 
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tions dependent upon the changes in the determinants, but does not in itself produce 
new Variations. “The deviations which the determinants suffer through unequal con- 
ditions of nutrition constitute the material out of which, through amphimixis in con- 
nection with selection, the visible individual variations are produced, through whose 
increase and combination new forms arise.” 

I agree with Weismann in so far as the assumption that the appearance of a new 
variation of pathological nature is tn part to be referred to changes in the determinants 
contained within the sexual nuclei, due to the direct action of extrinsic influences. I 
do not, however, believe that there is sufficient ground for attributing, as does Weis- 
mann, the formation of new separate parts to an over-nourishment of single groups of 
determinants. Such a dependence of the germ-plasma upon the surrounding nutritive 
material seems to me scarcely conceivable, and is opposed to all views hitherto held re- 

ing the nutrition of cells. Not only quantitative but much rather qualitative 
changes of the food-material would appear to be necessary in order to produce changes 
in the organization of the determinants. Further, I hold that the amphimixis has not 
only a secondary but much more a primary significance with regard to the origin of 

theological variations, in the sense that it itself is able to produce new variations. 

ly, it seems to me that we cannot at the present wholly set aside the hypothesis 

of Nägeli, according to which the idioplasm is capable of altering its own condition, 

from within outward, in certain fixed directions and according to certain fixed laws, 
and thus may produce new characteristics. 
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§ 19. In addition to the pathological conditions already mentioned, 
hereditary transmission appears to occurin the case of a few infectious 
diseases, particularly syphilis, smallpox, varicella, intermittent and re- 
current fever. At all events, cases are observed in which a child, at 
birth or shortly after, shows symptoms of the same disease from which 
the father or mother had been suffering either at the time of procreation 
or during gestation. Such a phenomenon is, however, entirely different 
from that already spoken of as a hereditary transmission. 

The infectious diseases are caused by organisms which multiply in the 
body. The transmission of the disease to the child becomes possible 
only when the micro-organisms causing the disease find their way into the 
sexual germ-cells, and then also into the impregnated egg, or else pene- 
trate from the maternal organism into the tissues of the child during its 
intra-uterine development. The latter ean occur as long as the child re- 
mains in the uterus, and we must therefore assume that the infecting 
organisms pass through the decidual membranes and the outer coverings 
of the ovum—in the later stages of pregnancy through the placenta—and 
so are transported from the maternal to the fetal organism. It is also 
possible that when cohabitation is continued after pregnancy, the micro- 
organisms, which may enter the vagina with the sperm, may penetrate 
into the uterus and thence into the impregnated egg. 

The transmission of infectious diseases to the foetus is beyond all 
doubt a possible occurrence... In the case of syphilis this may take place 
at the moment of impregnation as well as later during the course of 
intra-uterine development, so that syphilis may be transmitted to the 
child by the father as well as by the mother. In the case of smallpox, 
endocarditis, scarlet fever, many instances of the infection of the foetus 
in utero have been observed; and from recent observations and experi- 
mental investigations there can be no doubt that anthrax-bacilli, pus- 
cocci, and pneumococci, and under certain conditions also typhoid-bacilli 
and tubercle-bacilli can pass through the placenta to the foetus. This 
can only occasionally occur, when the bacteria gain entrance to the 
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blood-channels of the placenta and are able to multiply there and to 
penetrate into the foetal vessels, an event which is rendered possible 
chiefly by the damage done to the placental tissue by the multiplying 
bacteria, whereby the latter are able to pass through and also to multi- 
ply within the tissues of the placenta. 

There are, therefore, both germinative and conceptional, also post- 
conceptional, intra-uterine infections, which constitute a pseudo-form 
of inheritance, in which the peculiar characteristics of the individual 
are not transferred to the embryo, but instead an organized poison finds 
its way into the germ or into the already developing foetus, where it in- 
creases and produces the same disease as that affecting the parent. 

Only of the transmission of disease from the mother to the foetus in 
alero do we possess a more exact knowledge. Germinative, paternal, 
and maternal transmission is known to occur only in syphilis, the spe- 
cific poison of which is not yet known tous. If syphilis is due, as is 
supposed, to a schizomycete, the specific organism, in cases of germina- 
tive infection, must at the time of the discharge of the sexual cells have 
been present either in the egg or spermatozoon. In the latter case, coin- 
cidently or immediately following impregnation, the micro-organisms 
gain entrance into the egg, and remain there in a living state without act- 
ually hindering the further development of the ovum. It must further 
be assumed that the bacteria during the growth of the foetus pass into 
certain tissues and here later give rise to disease-processes. 
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CHAPTER II. 


The Spread and Generalization of Disease Through- 
out the Organism. Autointoxications and 
Secondary Diseases. 


I. Metastasis and Embolism and Their Significance in the Etiology 
of Lymphogenous and Hzematogenous Diseases. 


§ 20. The transportation, through the blood or lymph-stream, of a disease- 
producing agent, and the production of disease at the point of deposit of such 
agent, is termed metastasis. This is one of the most common modes of 
the spread of disease throughout the body. Ordinarily the term metas- 
tasis is applied particularly to those cases in which the transportation o 
a given substance is followed by easily recognizable clinical and anatom- 
ical manifestations of disease, especially those of inflammation or tumor- 
formation, so that we are accustomed to speak of metastatic inflammations 
and metastatic tumors. There is, however, no good reason for not includ- 
ing also under metastasis those cases of transportation of corpuscular 
elements through the lymph or blood stream in which the changes pro- 
duced by the transportation are less striking, and are recognizable only 
through a more careful anatomical or microscopical investigation. 

The term metastasis indicates further that the substance deposited has 
arisen from some other known place within the body. If the source of 
the transported material is not known, or at least cannot be definitely 
located, we are accustomed to speak of lymphogenous and hematog- 
enous deposits and diseases. The same designation is also applied to 
deposits of known origin. 

The significance of metastasis is in all cases dependent upon the 
properties of the transported body. Insoluble bland foreign bodies of 
sinall size may have little effect upon the tissue; soluble and chemically 
active substances may, on the other hand, produce important tissue 
changes. Bacteria capable of reproduction may give rise to a disease 
which corresponds in general to that produced at the primary focus of 
infection. Tumor-cells capable of growth may develop into a secondary 
tumor. The size of the transported body is of essential importance in 
hematogenous metastasis, in that small bodies may pass all the blood- 
vessels, even the capillaries, while larger ones will be carried only 
through those vessels whose lumen is sufficiently large to admit them. 
When the latter have by any means obtained entrance to the arteries of 
the greater or lesser circulation and are carried along by the blood- 
stream, they will become lodged at those divisions of the vessels where 
the vessel-lumen is too small to admit them, and will thereby more or 
less completely obstruct the vessel. This oceurrence is designated by the 
special term embolism; the body blocking the vessel is called an em- 
bolus or a vessel-plug (Fig. 2, db, ec). The effect of embolisin is in gen- 
eral the more or less complete obstruction of the vessel, partly through 
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the embolus itself, partly through an associated coagulation of the 
blood. Asa result of such obstruction there is an interference with the 
circulation, which may vary greatly in different cases, in that behind the 
point of obstruction there may be established either a complete or partial 
compensatory circulation, or in other 

cases such a compensation may be en- Fe d 
tirely wanting. When the compensa- i$ —— er 
tion is incomplete or wholly absent, - 

the area of tissue supplied by the ob- 
structed vessel undergoes degeneration 
or dies. 

Both lymphogenous and hemato- 
genous metastasis usually occur in the 
direction of the normal current, but 
under special conditions a transporta- 
tion in the opposite direction may take FiG. 2.—Multiple emboli in the branches of 
place—retrograde metastasis. Such te partie an arerial branch | he enbolees 
a change of current in the lymph-vessels c, embolus with secondary thrombosis. 
occurs when the normal escape of 
lymph from the region involved is hindered through stoppage of the 
lymphatics, and the lymph is forced to seek other outlets. A similar 
condition may occur in circumscribed areas of the peripheral blood- 
vessels. In this way clots arising in the right heart or in the large 
veins of the body may be transported into the peripheral veins; par- 
ticularly under conditions in which there occur backward waves of 
blood which gradually force the clots back into the smaller veins. 
According to the experimental investigations of Arnold upon dogs, 
foreign bodies (wheaten grits), which were too large to pass the capil- 
laries, when introduced into the jugular or crural veins, as well as into 
the longitudinal sinus of the dura mater, were carried by retrograde 
metastasis not only into the main trunks, but also into the smallest 
branches of the veins of the liver, kidneys, heart, extremities, dura 
mater, pia mater, and orbit, as well as into the posterior bronchial veins. 

In the case of a defect in the septum’ of the heart, bodies circulating 
in the blood may pass directly from one side of the heart to the other, 
and thereby give rise to a crossed or paradoxical embolism. 

§ 21. The substances which may be transported in the process of 
metastasis may be conveniently divided into six groups, this classifica- 
tion being based partly upon the origin, partly upon the character of the 
transported body, and partly upon the effects of the metastasis. 

In the first group are placed insoluble lifeless substances composed of 
very small particles, which enter the body from without, and which may 
be designated collectively as dust. The majority of these substances 
enter the body in the respired air, and pass from the lungs into other tis- 
sues. <A smaller part may enter the tissues directly through accidental 
vr intentional wounds (tattoo). Most frequently these substances are 
particles of soot, coal- and stone-dust, more rarely metal, porcelain, 
tobacco, hair, or other kinds of dust. In tattooing of the skin, soot, ¢in- 
nabar, and other granular pigments are used. 

The behavior of the tissues of the body toward such substances will 
be treated of elsewhere; it is only necessary to mention here that these 
forms of dust, sometimes in a free state, sometimes enclosed within cells, 
are deposited first in the tissues nearest the point of entrance, further in 
the Iymph-vessels and lymphatic glands. In the latter location they 
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may remain for a life-time; but in cases of excessive deposit they may 
be carried beyond the lymph-glands, especially in those instances in 
which the glands, because of the great deposit, undergo softening and 
give rise to inflammation and proliferation of the tissues in their neigh- 
borhood. Very often as a result of such changes the affected glands be- 
come confluent with aud break into neighboring veins. This event is es- 
pecially likely to happen at the hilum of the lungs, whereby the contents 
of the gland ultimately, sometimes slowly, at other times more rapidly, 
gain entrance to the vessel-lumen and are carried away by the blood- 
stream. In the case of the lungs, dust may be deposited directly in the 
vessel-walls and gradually penetrate as far as the intima. Further, the 
particles from a broken-down lymph-gland can again enter the lymph- 
stream, and, if not again arrested by some lymphatic gland, may reach 
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Fic, 3- Fat-einbollanı of the lungs (Flemming’s solution, safranin). a, Arteries filled with blackened 
masses of fat; b, fat-droplets in capillaries; c, veins; d, cells in the alveoll. X 100. 


the blood-stream. It is also conceivable that softened lymph-glands may 
break directly into the thorarie duct. 

As numerous experiments have shown, the dust gaining entrance to a 
blood-vessel remains but a very short time in the circulation. 
amounts artificially introduced into a vein disappear in a few hours from 
the circulating blood. The greater part collects in the capillaries of the 
liver, spleen, and bone-marrow, partly free and partly within leucocytes, 
in the former case adhering to the surface of the endothelium. After a 
short time the leucocytes containing the dust particles wander out from 
the vessels, so that the dust collects more and more in the tissues, where 
it is held for a long time, partly in wandering-cells, partly in fixed cells, 
and partly free, and under certain conditions may remain here during 
the lifetime of the individual. In the mean time a part is carried in the 
lymphatics to other regions and there deposited, particularly in the por- 
tal and celiac lymph-glands. According to the researches of Kunkel and 
Siebel, still other cells containing dust-particles may reach the surface of 
the body-cavities, either through the capillaries of the lungs, the paren- 
chyma of the tonsils, and probably also from the lymphoid tissue of the 
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intestines, and in this way be discharged externally. From the liver the 
dust-particles may be passed out in the bile. According to observations 
which may be not infrequently made on inflamed organs, wandering 
leucocytes are able to take up a great number of the particles lying in 
the tissues and transport them from the lungs, intestinal tract, and other 
organs to the surface, and in this way clear the tissues. 

The second group is composed of portions of the body itself, which 
occasionally may be trausported through the blood-stream; namely, 
tissue-detritus, parenchymatous cells, and dead, coagulated, and 
broken-up constituents of the blood. Of the elements arising from the 
destruction of tissue, fat-droplets (Fig. 3, a, b, and Fig. 4, a, b) most 
often find their way into the circulation; particularly when through 
trauma or some other pathological process, as, for example, hemorrhage, 
the tissues are destroyed. This occurs most frequently in cases of crush- 
ing, destruction, and violent agitation of fat-tissue, as may happen in 
the case of the different panniculi adiposi and the bone-marrow; but fat 
may also enter the circulating blood through destruction of liver-tissue. 
The parenchymatous cells most frequently entering the circulation are 
liver-cells (Tugner, Jürgens, Klebs, Zenker, von Recklinghausen, 
Schmorl, Lubarsch), placenta-cells 
(Schmorl, Lubarsch, Leusden), and 
bone-marrow cells (Lubarsch). Or- 
dinarily these are carried into the 
pulmonary arteries and capillaries, 
but through retrograde metastasis 
they may be carried into the veins, 
and through paradoxical embolism 
into the arteries and capillaries of 
the systemic circulation. Embo- 
lism of liver-cellsand bone-marrow 
giant-cells is caused by traumatic 
and toxic injuries and hemorrhages 
Of the affected tissnes. Placental. ri must ee Planning, 
cell emboli, in the form of multi- capillaries: faL-iroplets In the Intertubular capil- 
nuclear giant-cells, have been ob- 
served especially in puerperal eclampsia, but occur also in the course of 
normal pregnancies (Leusden). In diseased conditions of the intima of 
the heart or blood-v Is, degenerated endothelium, broken-down and degen- 
crated masses of connectire tissue of the intima, portions of the valves, and 
material of similar nature may gain entrance to the blood-stream. — Frag- 
ments and disintegrated portions of blood-corpuscles may enter the eireula- 
tion from hemorrhagic foci or may arise within the vessels themselves, 
in the case of degenerative changes produced in the blood through the 
influence of various harmful agents. Coagulated masses of blood enter 
the circulation when a thrombus—i.e., blood coagulated in the vessels 
(see Chapter IV.)—breaks loose, either in toto or in fragments. 

The fate of the last-named substances is for the chief part dependent 
upon their size and physical properti All fragments of much greater 
diameter than the lumen of the capilla become lodged in the bifurea- 
tions of the arteries (Fig. 2, a, b) and usually occlude the same. This 
occurs most frequently in the case of dislodged thrombi or of fragments 
of such; on the other hand, fat-droplets usual]: into the capillaries, 
where part remain, while others pass through and later become lodged in 
some other place. Since the fat occasionally passes first into the veins 
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of the body and thence to the heart, the fat-droplets collect especially in 
the.capillaries of the lungs (Fig. 3, 5); but they may also pass through 
the lungs into the capillaries of the greater circulation, and are then 
found especially in the intertubular and glomerular capillaries of the 
kidneys (Fig. 4, a, 6), and also to some extent in the capillaries of the 
brain. Capillary fat-embolism causes a noticeable disturbance of the 
circulation only when of extensive occurrence; in this case it may lead 
to the production of @dema. Furthermore, the fat disappears in the 
progress of metabolism. 

Parenchymatous cells (in so far as the entrance into the circulation 
of small living cells of the character of lymphoid cells is not concerned) 
become lodged in the capillaries or smaller arteries in the case of arterial 
metastasis. The latter is especially true of liver-cells when entering the 
circulation en masse. At the place of lodgment the presence of paren- 
chymatous cells may lead to a heaping-up of blood-plates and a hyaline 
coagulation; this is particularly true of liver-cell emboli. The cells 
themselves do not multiply, but they may remain preserved for a certain 
length of time; according to Lubarsch, as long as three weeks. They 
then gradually die, the protoplasm dissolves, the nuclei swell or shrink, 
and finally lose their chromatin. In the case of multinuclear cells the 
dissolution is preceded by a clumping of the nuclei. 

The point of lodgment of loosened thrombi or fragments of thrombi 
depends upon the path which they take, as well as upon their size. 
Since thrombi may be formed in the systemic veins, right heart, and 
pulinonary arteries, as well as in the pulmonary veins, left heart, and 
systemic arteries (see Chapter IV.), it is possible for embolism to occur 
in any of the arteries of the greater or lesser circulation. Very often 
the emboli fodge at the bifureation of arteries, forming the so-called 
riding or straddling emboli (Fig. 2, c). Through retrograde metastasis 
emboli may be carried from the venw cave or larger veins into the 
smaller veins. Defects in the septum of the heart may lead to the pro- 
duction of a paradoxical embolism. 

Small fragments of thrombi, dead red blood-cells or fragments of 
such, endothelial cells undergoing disintegration or fatty degeneration, 
ete., meet the same fate as dust-particles. They may remain free or be 
taken up by cells; they are soon removed from the circulation and col- 
lect especially in the spleen, liver, and bone-marrow, where they un- 
dergo further changes and are destroyed. The products resulting from 
the destruction of red blood-cells may persist for a long time in the or- 
gans named, as colored or colorless deposits. 

The third group of substances producing metastases is composed of 
living cells, which, originating from proliferating tissue-foci and hav- 
ing gained entrance to the circulation through direct rupture into the 
blood-vessels, or having entered the lymphatics, are carrried to other or- 
gaus. This process may be observed in the case of tumors growing by 
infiltration. The metastasis of living cells from such a tumor leads 
through the proliferation of the transported tumor-cells to the produc- ° 
tion of metastatic daughter-tumors, which in the case of lymphogenous 
metastasis develop first in the lymph-vessels and lymph-glands, but in 
the case of direct rupture into the blood-vessels arise in that part of the 
vascular system to which the tumor-cells are carried by the blood. The 
metastasis usually occurs in the normal direction of the blood- and lymph- 
streams, but retrograde transportation may also occur, whereby a tumor 
which has broken into one of the systemic veins may give rise to metas- 
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tases in the region drained by smaller branches of other systemic veins. 
Retrograde metastasis is not infrequently observed in the lymphatic sys- 
tem, when closure of the efferent lymph-channels has produced a change 
in the direction of the lymph-current. 

In the fourth group may be placed all those processes characterized 
by the entrance of vegetable or animal parasites into the circulation. 
If under such circumstances these organisms do not find conditions suit- 
able for their development, they are quickly eliminated from the blood- 
stream and destroyed under the influence of metabolic processes. But 
if they are able to reproduce themselves anywhere, they will give rise to 
the production of metastatic foci of infection, which are located partly 
in the vascular system, but also partly extending thence into the neigh- 
boring tissues. The secondary foci in the case of bacterial invasion 
have in general the same character as that of the primary. If an em- 
bulus contains organisms capable of producing tissue-necrosis, inflam- 
mation, and putrid decomposition, there will occur, along with the 
embolism and the accompanying disturbances of circulation, suppuration 
and sloughing—that is, there will be a repetition of the same processes 
occurring at the original seat of infection. 

As the fifth group of metastatic processes may be classed together 
those cases in which constituents of the human body having under- 
gone solution are transported in the soluble state and again deposited 
in a solid form; and also those in which extrinsic substances are 
taken up by the body in a soluble form and are then deposited in the 
tissues in a solid state. Of the first class there occurs most frequently 
the resorption of bile-pigments into the circulation within the liver, so 
that these may permeate through the most varied tissues, and at the 
same time give rise to granular or crystalline deposits of bile-pigment. 
Not infrequently soluble derivatives arising from the destruction of red blood- 
cells in the circulation are deposited in the form of droplets, granules, and 
erystals in the spleen, bone-marrow, liver, and kidneys. Further, soluble 
dericatires of hemoglobin may be taken up by the lymph and blood from 
hamorrhagic foci, and deposited in different. organs. 

When preparations of silver are, for medicinal purposes, introduced 
into the body through the gastro-intestinal tract for long periods of time, 
there may occur a deposit of fine granules of silver in the connective tis- 
sue of the skin, in the glomeruli, medullary pyramids of the kidneys, 
intima of the large arteries, adventitia of the small arteries, in the neigh- 
borhood of mucous glands, connective tissue of the intestinal villi, in the 
choroid plexus of the cerebral ventricles, and in the serous membranes. 
Tissues showing such a deposit have a grayish-brown color. 

The fact that the epithelial tissues and the brain are not. affected 
shows that there is a selective action on the part of the tissues, and that 
this selective action differs essentially from that which is seen in the case 
of a metastatic deposit of corpuscular elements. It may therefore be as- 
sumed that the chemico-physical character and the f unctional activ ity of 
the tissues coming into contact with substances in solution exert a deter- 
mining influence upon the separation and precipitation of such sub- 
Stances, 

Asasixth group of metastatic processes may be classed the entrance 
of air into the circulation. If in any manner a large amount of air 
gains entrance to the right heart, an event which occurs especially 
in case of injury to the large veins lying in the neighbor hood of the 
thoracic cavity, or more rarely from the opening of a vein, for example, 
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of a stomach-vein, through ulcerative processes, the air mingling with 
the blood forms a foamy mass, which the contractions of the heart are 
scarcely able to drive onward. Asa result the left heart receives little 
or no blood, the aortic pressure falls, and the affected individual quickly 
dies. Should the air enter the circulation in small amounts or intermit- 
tently, it may be carried by the blood-stream in form of air-bubbles and 
circulate through the entire body. Larger amounts may lodge for a time 
in the vessels of the major or minor circulation, obstruct their lumen, 
and cause disturbances of the circulation, which may give rise to func- 
tional disturbances of the brain and respiration. If these conditions do 
not cause death, the air is after a time resorbed. 

If the lung-tissue be ruptured through trauma or through violent 
coughing, screaming, or vomiting, etc., air may be forced into the con- 
nective-tissue spaces and lymphatics, and may extend through these 
into all parts of the lungs, pleurs, and the mediastinum, as well as into 
the skin. The conditions thus produced are termed emphysema of the 
skin, of the subcutaneous tissue, of the mediastinum, ete. Under cer- 
tain circumstances the air may spread through a large area of the sub- 
cutaneous lymph-vessels and connective-tissue spaces, whereby the skin 
presents a blown-up appearance and when pressed upon produces & 
crackling sound. 


Arnold, supported by numerous investigations, believes that the lymph-glands 
‘form a perfect filter for the dust carried to them, and that therefore metastasis of dust 
is possible only through the rupture of a lymplı-gland into the blood-stream. In so far 
as the glands do not show too great structural changes, his view appears tu me cor- 
rect; but in those cases in which the lymph-glands undergo softening, as a result of 
being overloaded with dust, portions of necrotic tissue containing dust may pass from 
the glands into the efferent lymphatics. 

As will be shown later (see Inflammation), it is an invariable fact that wherever 
foreign bodies or dead tissue-masses lie in a living tissue, wandering-cells are sure to 
appear; and these, in so far as it is possible, take up into their substance more or less 
of the corpuscular material present. This material is then carried further, especiall 
‘to the lymph-vessels and Jymph-glands. It is very probable that a portion of this 
material—in so far as it may be so utilized—serves as nourishment for proliferating tis- 
sue-cells. 

According to Stebel and Aunkel, granules of cinnabar and indigo injected into the 
blood-stream of a frog are quickly taken up by leucocytes, and after one to two hours 
no more free granules are to be found in the circulating blood. After twenty-four 
hours the leucocytes containing pigment-granules have disappeared from the circula- 
tion, and lie for the greater part clumped together in the capillaries, the greatest num- 
bers being found in the capillaries of the spleen, liver, bone-marrow, and the lungs, 
while they occur in smaller numbers in the capillaries of the kidneys, and in still smalle 
numbers in the capillaries of the heart-muscle. 

Even after two hours free pigment and cells containing granules are found outside 
of the vessels, and after a few days they have almost wholly disappeared from the ves- 
sels. The granules lie then partly in wandering-cells, partly in fixed cells, as well as 
in the free cells of the splenic pulp (Ponfick) and bone-marrow. They may be found 
in these organs for weeks afterward (Zoffmann, Langerhans). In both frogs and dogs 
some of the granule-containing cells find their way into the lumen of the alveoli and 
bronchioles and so pass out of the body. In the liver the pigment-particles for the 
greater part adhere for a short time to the endothelium of the liver-capillaries; another 
part is found in leucocytes, which later wander out from the vessels into the tissues. 
Thence they are for the greater part taken up into the lymphatics of the liver and ulti- 
mately reach the Iymph-glands. A part of the granules finally pass out with the bile, 
but by what course they reach the bile-vessels is not known. In dogs the pigment- 
granules also collect in the tonsils and are carried to the surface through the epithelium 
by the leucocytes which have taken them up. 

According to the investigations of ron Aupffer, the endothelium of the liver-capil- 
laries (formerly designated as the stellate-cells of Kupffer) possesses phagocytic proper- 
ties, and takes up sinall particles circulating in the blood-stream. 

According to the observations of Jadussohn (“Pigmentverschleppung aus der 
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Haut,” Arch. f. Derm., 24 Bd., 1892) and Schmorl (“ Pigmentverschleppung aus der Haut,” 
Centralbl. f. allg. Path., 4 Bd., 1893), both normal and pathological pigment may be 
transported from the skin ‘to the lymph-glands—in other words, a pigment-metastasis 
may take place. 

According to Lewin (Arch. f. exp. Path., 40 Bd., 1897), if the outflow of urine from 
the bladder be hindered, small foreign bodies can pass into the kidney-pelves, and 
thence into the urinary tubules, lymph-vessels, and veins, and into the general circula- 
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Il. Secondary Local and General Diseases. Autointoxication. Diseases 
Caused through Disturbances or Cessation of Gland-Functions. 


x 22. If through the action of any injurious agent a local tissue- 
change is produced, there occurs first a primary local disease or organ- 
disease, which is accompanied by a disturbance of function of the 
affected part. If the injurious agent passes into the body-juices and 
into the blood without causing noticeable changes at the point of en- 
trance, while within the body it gives rise to local changes, the result- 
ing condition may be designated as a solitary or multiple lymphogenous 
or hematogenous local disease or organ-disease. 

Local diseases may during their entire course remain confined to the 
organ originally affected, yet very frequently they lead to further sec- 
ondary diseases of organs or to a general disease. 

The first method by which disease- ‘processes spread through the body is 
through metastasis, already described ($$ 20 and 21), by means of which 
there are very f requently formed, not only solitary, but innumerable foci 
of disease throughout the body. Not infrequently there may occur such 
a generalization of disease by way of the blood and lymph-channels (tuber- 
culosis, suppurations, and carcinomatous growths), that the majority of 
the organs will be found to be affected and show correspondingly more 
or less easily recognized functional disturbances. 

A second method of the spread of disease occurs in those diseases in 
which in the primary foci there are formed toxic products which, taken 
up into the lymph and blood, produce such changes in different organs 
that they must be regarded as intozications by poisonous substances arising 
from diseased foci. This intoxication is, as shown in § 12, of very com- 
mon occurrence in the infectious diseases, and leads not only to secondary 
degenerations of organs, but much more to the picture of a more or less 
severe general disease, as shown by general disturbances of metabolism, 
fever, and disturbances of the central nervous system. 

A third form of the spread of disease-processes throughout the body 
becomes possible by reason of the fact that the integrity and normal 
functional capacity of many organs are to a great measure dependent 
upon the function of other organs; and, further, upon the fact that the 
organisin needs, for the preservation of its normal condition, the perfect 
functional working of its organs, and in the case of many organs cannot 
permanently dispense with their functions. There is, therefore, a large 
group of local and general diseases which arise as the result of the imperfect 
functional activity of this or that organ. 

A fourth mode of origin of secondary diseases is through autointorica- 
tion—that is, through a poisoning of the organism by substances which arise 
in the body itself through its own activity (metabolic poisons). The place of 
origin of these substances is in part the intestinal tract (enterogenous 
poixons), aud partly the tissues (histogenous poisons). The cause of the 
poisonous action of these products of metabolism lies partly in the fact 
that they are produced in an increased amount or are retained within the 
body as a result of disease of certain glands; partly also that they are 
hot transformed to non-poisonous bodies, as is the case under normal 
conditions, Im conditions of disturbed metabolism poisons foreign to 
the normal body may be produced. 

Disturbance of the function of different glands may cause, in addition to 
autvintoxication, other manifestutions of disease. 
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23. Secondary diseases which arise as the results of patho- 
logical conditions of individual organs occur with great frequency as 
the result of pathological changes in the blood and circulatory apparatus. 

The circulatory apparatus and the blood therein coutained bear cer- 
tain relations to all the body-tissues, and accordingly diminution in 
amount and pathological alterations of the blood, as well as changes of the 
blood-vessels, often give rise to diseased conditions of this or that tissue 
or of the entire organism. If the hemoglobin-content of the blood is 
decreased through a diminution in number of the red blood-cells 
(oligocythemia), or through a pathological condition of the same, or if 
the hemoglobin through the action of carbon monoxide is rendered in- 
capable of taking up the oxygen of the air, the body-tissues will no 
longer receive a normal amount of oxygen; consequently there will arise, 
in case the amount of oxygenation falls below a certain point, disturb- 
ances of nutrition, as the results of which there occur very frequently 
conditions of fatty degeneration, and under certain circumstances death 
through paralysis of the nervous centres. 

Should an artery become narrowed or closed through thrombosis or em- 
bolism, or thickenings of its walls, as in the case of the arterial disease 
known as arteriosclerosis, there will arise in the region supplied by the 
affected vessel a local, deficiency of food-supply and oxygen, local as- 
phyxia, and later degenerative processes, which frequently end in the 
death of the specific parenchymatous elements, at times also of the con- 
nective-tissue framework. 

In the brain and spinal cord the vessel-changes lead to ischemic proc- 
esses of softening, which frequently result in paralysis, and not rarely 
in death. In the heart there results a diffuse fatty degeneration or local 
softening of the heart-muscle, giving rise to disturbances of cardiac ac- 
tivity or often even to complete insufficiency. In the kidneys the secret- 
ing glandular parenchyma, together with a portion of the connective 
tissue, undergoes necrosis or atrophy; and the loss of these substances 
gives rise to local or widespread contractions, which, according to their 
origin, are designated as embolic or arteriosclerotic atrophies. 

In the stomach ischiemia of the mucous membranes gives rise to local 
ulcerations; in the liver and muscles to atrophie conditions. No tissue 
can W ithstand the harmful effects of a Jong-continued anemia, and con- 
sequently the narrowing and closure of arteries, through the formation 
of clots or through changes in the vessel-walls, play avery important 
role in pathology; and are not only the causes of anemic necrosis (see 
Chapter V.) and hemorrhagic infarction (see Chapter IV.), but also of 
numerous progressive atrophies of organs. In the pathogenesis of the last 
named, arteriosclerosis has an especially important part, since in old 
age it is of very common occurrence, and gives rise to tissue-degenera- 
tions in organs of the most different structure. As evidenees of such 
degenerative processes, the majority of the affected organs show later 
areas of scar-tissue, in which the specific parenchyma has disappeared 
while the connective tissue has inereased. 

The active participation of the vascular apparatus in all inflamma- 
tory processes (see Chapter VIT.), the disturbance of circulation through 
the alteration of the vessel-walls, the shifting and changes of the vascular 
channels which result from the closure of old vessels by prolife ‘ation of en- 
dothelium or through thrombosis, as well as from the formation of new 
ressels, make easily comprehensible the fact that in all chronic inflamma- 
tions the specific cells dependent upon a regulated nutrition undergo 
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degeneration and are frequently replaced by connective tissue of a lower 
grade than normal. 

A profuse watery discharge from the intestines may deprive the or- - 
ganism of water. If, asa result of stenosis of the esophagus or pylorus, 
a sufficient amount of food is prevented from entering the intestinal 
tract, or if the stomach and intestine are no longer able to digest the 
food brought to them and to prepare it for assimilation into the body- 
juices, the organism as a whole becomes poorer in albumin and fat. 

If the heart is no longer able to force onward with normal strength 
the blood coming to it, there will arise in various organs changes due to 
venous stasis. If the respiration is hindered or imperfect, the composi- 
tion of the blood suffers changes. Collection of fluid in the thoracic 
cavity causes compression of the lungs; interference with expiration, 
with free inspiration, leads first to distention of the lung and later to 
atrophy. If a part of the Jung has been rendered useless by chronic in- 
flammation, the inspiratory enlargement of the thorax affects only that 
portion of the lung which is capable of functionating, and this part be- 
comes over-distended and in consequence finally atrophic. 

Through enlargement of the liver the neighboring organs are com- 
pressed ; diseases of the parenchyma of the liver give rise to disturbances 
of the circulation of blood through the organ, and stasis throughout the 
portal circulation with resulting ascites. 

Hindrance to the outflow of urine from the ureters renders difficult 
the secretion of the kidneys and leads to their atrophy. The loss of a 
large portion of the parenchyma is followed by increased blood-pressure in 
the aorta, increased action of the heart, and hypertrophy of that organ. 

An increased resistance in the pulmonary circulation due to diseased con- 
ditions of the lungs is often followed by dilatation and hypertrophy of 
the right heart. Obstruction to the flow of blood through the aortic opening 
leads to hypertrophy of the left ventricle. Stenosis and insufficiency of 
the mitral valve cause a stasis of blood backward through the lungs to 
the right heart. This may be compensated for through hypertrophy of 
the right ventricle, or may extend farther back into the veins of the sys- 
temic circulation. 

An oblique position of the pelvis leads to curvature of the spine. Stiff- 
ness and immorability of a joint cause atrophy of the muscles moving the 
joint, the atrophy being due to inactivity. 

Diseases of the nervous system may give rise to functional disturbances 
and anatomical changes in any organ of the body—in glands, muscles, 
skin, bones, lung, heart, intestine, etc. These changes are to be referred 
partly to stimulation, partly to inhibition or arrest of nervous impulses, 
and partly to anesthesia (anesthetic tissues being especially liable to in- 
jury). Destruction of the large ganglion-cells in the anterior horns of the 
spinal cord leads to the atrophy of the corresponding peripheral nerves 
and muscles. Paralyzed extremities become atrophic. Diseased condi- 
tions in the region of the respiratory and vasomotor centres lead to dis- 
turbances of respiration and circulation. After injury to certain por- 
tions of the meduila oblongata, after concussion of the brain and spinal 
cord, through the presence of tumors in the brain, after psychical affec- 
tions, after poisoning of the nervous system, there is caused under certain 
conditions a rapid withdrawal of the glycogen of the liver into the blood- 
stream and the excretion of sugar in the urine. Stimulation of periph- 
eral nerves may produce abnormal reflex sensations and movements as 
well as circulatory disturbances in other parts of the body. Paralysis 
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of both vagi or of their branches, the recurrent laryngeal nerves, through 
inflammatory changes or through pressure from neighboring lymph- 
glands, etc., may be followed by inflammation of the lungs, in that the 
accompanying paralysis of the laryngeal muscles favors the entrance of 
foreign bodies into the lungs during inspiration. 


The so-called trophoneurotic diseases of the tissues are not mentioned above, for 
the reason that the trophic relations of the nervous system to the individual tissues are 
not yet clear, and the views of different authors as to the dependence of the tissues upon 
the nervous system vary greatly. Many authors ascribe to the trophic action of the 
nervous system a far-reaching influence upon the conditions of the tissues, and seek the 
nerves forming the connections with the nerve-centres, partly in the motor, secretory, 
sensory, and retiex nerves, as well as in special trophic nerves. Thus, for example, 
muscular atrophy, glandular atrophy, atrophy of the bones and joints (in tabes and 
syringomyelia), different pathological conditions of the skin characterized by thinning, 
exfoliation of the epithelium, Toss of hair, inflammations, etc., unilateral tissue- 
atrophies, necroses, also hypertrophic proliferations of muscles, glands, skin, or bones, 
etc., are all referred to affections of the nerves. 

It cannot be doubted that both degenerative and hypertrophic tissue-changes and 
inflammations often occur as sequelse to disturbances of innervation, but these most 
probably are not the direct result of the removal or change of nerve-influences affecting 
the tissues, but are rather the results of increased or decreased functional activity o 
the tissue, or of injuries, inflammations, or disturbances of circulation, which have de- 
veloped in connection with the disturbances of innervation—for example, in connection 
with the loss of sensibility: Golz and Kırald, after completely destroying the thoracic 
and lumbar portions of the spinal cord of dogs, were able through great care to pre- 
serve the skin of the animals thus operated upon; they are, therefore, opposed to the 
theory of the existence of trophic centres and nerves. 
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§ 24. Autointoxications or self-poisonings may take place in a 
variety of ways. In the first place, poisonous products of metabolism of 
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normal character and produced in normal amounts may fail of proper ex- 
cretion, and, being carried over into the juices of the body, may be 
retained in the same. Secondly, the physiological production of poisonous 
substances may be pathologically increased. Thirdly, it may happen that 
poisonous products of metabolism, which normally are decomposed and 
thereby rendered harmless, may, as a result of a local or general meta- 
bolic disturbance, escape such destruction. Finally, it may also happen 
that, as the result of pathological changes or cessation of the functional 
actirity of certain organs, poisonous substances may appear in the blood and 
also in the urine. According to the place of origin poisons may be classed 
as enterogenous, arising in the intestine, and histogenous, arising in 
the tissues. 

If injurious products arising from the decomposition of albumin are 
retained or formed in excessive amounts in the intestinal canal, they may give 
rise to both local changes and a general intoxication. For example, 
through the action of the bacteria present in the intestines, the sul- 
phuretted hydrogen, arising from the sulphur of albuminous bodies, may 
be formed in such amount as to pass into the blood and impart its char- 
acteristic odor to the breath, and to be found also in the urine. Further, 
those toxins especially which arise from the decomposition of albumin 
through the action of the intestinal bacteria, when taken up into the 
blood are able to produce symptoms of poisoning, vomiting, headache, 
vertigo, stupor, acceleration and weakening of cardiac activity, ete. 
This action of toxins is especially marked in those cases in which the 
stomach or pancreas produces little or no enzyme, it being known that 
the enzymes have a neutralizing action upon certain toxins (see § 29). 
It is also probable that the tetany occurring rarely in dilatation of the 
stomach may be due to an autointoxication. 

If the function of the kidneys is disturbed to such a degree that the sub- 
stances convertible into urea are excreted in insufficient quantity, symptoms 
of intoxication may manifest themselves as the result of the retention of 
these substances. These symptoms are characterized by a condition of 
coma interrupted by convulsions and by disturbances of respiration—the 
symptoms collectively being designated as ureemia. According to von 
Limbeck, the retained substances have a narcotic action, the first effects 
of the nareosis being a dulling of sensibility and insomnia. According 
to Fleischer, the poison leads, through stimulation of the vasomotor cen- 
tre, to a vascular spasm, as a result of which the brain becomes very 
anemic. It has not vet been determined whether the toxic effects are 
due to a single element or to a mixture of substances. According to 
the investigations of Bohne, it is very probable that the retention of 
chlorides in the organism play the most important part in the production 
of this condition. 

It is very probable that the condition eclampsia, which is associated 
with convulsions, is also to be regarded as a result of changes in the kid- 
neys through which products of metabolism are retained within the or- 
ganism. 

Since many substances are excreted by way of the intestines, it is 
possible that under certain conditions a disturbed function of the intestines 
may render it difficult for the organism to rid itself of poisons and in 
this way lead to an autointoxication. Likewise, an excessive accumula- 
tion of carbonic acid within the blood, through some interference with the 
exchange of gases in the lungs, may cause symptoms of poisoning. 

When the excretion of bile from the liver is hindered or arrested, through 
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some pathological condition in the bile-passages or in the liver itself, 
the elements of the bile are taken up into the blood, and the condition 
known as Cholsemia is produced. Both the biliary salts and bile-pigment 
enter the blood, and their presence in the circulation gives rise to gen- 
eral lassitude, depression, mental exhaustion, inclination to sleep, slow- 
ing of the pulse-rate, itching of the skin, and abnormal sensations of 
hearing and taste. The effects upon the heart, muscles, and central ner- 
vous system are ascribed to the bile-salts. These also possess a hzemo- 
lytic action upon the red blood-cells. According to Bickel, ammonia- 
salts, leucin, and phenol must also be taken into consideration in the 
explanation of the symptoms. 

If the liver has undergone marked pathological changes, not only does 
the production of the bile as well as that of sugar and urea suffer, but 
certain substances brought to the liver from the intestines and normally 
decomposed by this organ may pass through it unchanged. Many be- 
lieve that at least the severe symptoms (conditions of mental excitement, 
delirium, lethargy, coma, and cerebral paralysis) which occur in degen- 
erations of the liver (icterus gravis) are to be referred in part to the 
presence of such substances in the blood, and base their belief upon the 
fact that under such conditions abnormal substances (ammonium carbo- 
nate) appear in the urine. In degenerations of the pancreas, large 
amounts of dextrose, acetone, and aceto-acetic acid (see § 25) may ap- 
pear in the blood and urine. The two last-named substances have a 
toxic action, and many are disposed to ascribe such symptoms to a dis- 
turbance of pancreatic function. Finally, after degeneration of the 
thyroid or adrenals (§§ 26 and 27), pathological symptoms arise which 
possibly may be explained in part by the assumption that, as the result 
of the degeneration of these organs, poisonous products of metabolism 
are no longer destroyed. 

In the constitutional disease known as gout, local deposits of meta- 
bolic products, in the form of urates, give rise to local tissue-degenera- 
tions and inflammations. 


The term autointoxication is not used with the same significance by all writers, 
many of them giving to it a broader meaning than the one given above, and even ap- 
plying the term autointoxication to certain intoxications caused by pathogenic bacteria. 
In justification of such a view it may be said that the poisons in such cases arise for the 
greater part from component elements of the body. At the same time such a widen- 
ing of the signiticance of the term appears to me inexpedient, in that the cause of the 
decomposition lies not in the body itself, but comes from without, so that the intoxica- 
tion is the result of a preceding infection. It seems to me, therefore, to be more correct 
to apply the term autointoxication only to those forms of poisoning which are produced - 
by products of metabolism, cither under the influence of the activity of the body-cells 
or through the activity of bacteria constantly present in the intestine. As authoriza- 
tion for including the poisoning by products arising from intestinal decomposition 
among the autointoxications, I draw upon the fact that the intestinal bacilli which 
cause this decomposition are constant inhabitants of the intestine, and, according to the 
investigations of Schottelius, are indispensable factors in the processes of nutrition of 
man and the higher vertebrates. The enterogenous autointorications, which are caused 
by these intestinal bacteria and which occur especially in childhood through retention 
of the intestinal contents (ileus) or in acute digestive disturbances (asthma dyspep- 
ticum), are in their severe forms characterized chiefly by disturbance of heart-action, 
small and frequent pulse, cyanosis, coldness of the extremities, sunken expression, and 
lowering of the body temperature. They may owe their origin in part to retention of 
intestinal contents in this or that portion of the intestinal tract, and in part to changes 
in the products of decomposition (toxins and toxalbumins) depending either upon the 
especial character of the material taken into the intestines, or upon a change in the 
virulence of the bacteria, or upon a deficient production of enzymes. It is not always 
possible in such cases to decide whether other bacteria, foreign to the intestine, are not 
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also concerned in the production of poisons. The appearance of cystin in the urine is 
to be regarded, according to the researches of Baumann and von Udranski, as evidence 
of especial processes of intestinal decomposition resulting in the production of diamins. 

According to the view of Bouchard, autointoxications are caused in particular by 
leucomatIns—that is, by the earlier products of retrogressive metamorphosis of albu- 
minous bodies, which normally are further decompo in the process of intra-organic 
oxidation until they reach the form of urea and are then excreted. 

Chronic diseases whose chief characteristic appears to lie in a changed condition of 
the entire organism are often grouped together as constitutional diseases. Into 
this category Samuel places the permanent anomalies of the blood, lymph-glands, ner- 
vous tissues (neuropathic predisposition), rachitis, osteomalacia, multiple exostoses, 
feeble muscular development, relaxed articular ligaments, etc. Hoffman (“ Lehrbuch der 
Constitutionskrankheiten,” Stuttgart, 1894) collects under this term the different forms of 
anemia, hemorrhagic diathesis, hemoglobinsmia, rachitis, osteomalacia, chronic rheu- 
matism. progressive myositis ossificans, multiple exostoses, lipomatosis, gout, diabetes 
mellitus, diabetes insipidus, and Addison’s disease. Nothnagel, in his “Handbook of 
Special Pathology.” omits the diseases of the blood from this class, and includes among 
the constitutional diseases only rachitis, osteomalacia, gout, obesity, chronic rheumatism, 
arthritis deformans, diabetes mellitus, and diabetes insipidus. From these examples it 
is clearly evident that the designation constitutional disease is applied to very differ- 
ent conditions. Asa matter of fact, the diseases enumerated are not characterized by 
constitutional anomalies; they represent rather the sequel of anomalies or diseases of 
certain tissues, so that the use of the term “constitutional disease ” finds for the greater 
part no true application. At the most, the designation can still be applied with fitness 
to obesity and gout. 
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§ 25. If a gland produces an internal secretion—that is, if it gives 
to the lymph or the blood certain substances which are necessary for the 
normal performance of the functions of other organs or of the organism 
as a whole—an alteration or total failure of this function will cause 
more or less important disturbances of nutrition: as well as of the func- 
tional activity of other organs and of the entire organism. Such an in- 
ternal secretion is ascribed to the liver, pancreas, thyroid, adrenals, 
thymus, and the sexual glands, yet our knowledge of the nature of these 
secretions is very slight and hypothetical. Weare able to infer the in- 
fluence exerted by these glands upon metabolism and the life of the 
organism only from the disturbances which arise when the glands in 
question become diseased. Among the most important of the diseases 
belonging in this category are diabetes mellitus, thyreoprival cachexia, 
myxedema, cretinism, Addison’ s disease, and the functional and anatomical 
changes occurring in the body after castration. In a certain sense it is 
proper to consider in this connection asphyxia, which arises from a fail- 
ure of the lungs to perform properly their function, in that through the 
functional activity of the lungs the requisite amount of oxygen is sup- 
plied to the organism. 

Diabetes mellitus is a disease which is characterized especially by 
the presence of Jarge amounts of grape-sugar in the urine (glycosuria), 
accompanied by a great. increase in the total amount of urine secreted 
(polyuria), and often also by a pathological increase of acetone and the 
excretion of aceto-acetic acid and 3-oxybutyric acid in the urine. At 
the same time grape-sugar and these acids are found in the blood and 
often lead to a diminution of its alkalinity. When the acid-content of 
the blood is high, headache, anxiety, delirium, fainting, and finally a 
condition of loss of consciousness (coma diabeticum) develop, and these 
conditions are probably to be ascribed to an acid-intoxication (Stadel- 
mann, Minkowski, Magnus-Levi). 

The entrance of sugar into the urine may be caused by too great an 
ingestion of sugar, so that part passes into the urine unchanged (ali- 
mentary glycosuria). Glycosuria may also follow an injury to certain 
portions of the medulla oblongata (puncture of Bernard), or as the result 
of disease-processes in the brain (degeneration, epilepsy, mental affec- 
tions, severe psychical disturbances, tumors, parasites), or of certain 
forms of poisoning (carbon monoxide, curare, morphine, strychnine, 
amyl nitrite, nitrobenzole), in which the liver probably gives up its gly- 
cogen into the blood more rapidly than normal, so that a condition of 
hyperglycemia is produced. 

Finally, glycosuria may be due to an inability on the part of the kid- 
neys to hold back the small amounts of glucose found normally in the 
blood, a phenomenon which may be produced experimentally by the 
administration of phloridzin (von Mering) or of caffeine sulphate 
(Jacobj). 
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These alimentary, nervous, and toxic glycosurias are, however, to be 
distinguished from the ordinary form of diabetes, in that in the latter the 
cause of the glycosuria is to be sought, not in an increased conveyance 
of sugar into the blood, or in a pathological excretion of the sugar con- 
tained in the blood, but much rather in the fact that the diabetic patient 
is unable to decompose sufficiently the carbohydrates, and especially 
dextrose, while the sugars which turn polarized light to the left (levu- 
lose and inulin) ordinarily can be oxidized either wholly or at least in 
greater amounts than dextrose. In most cases the power to form fats 
from the carbohydrates is also lessened, yet there are cases in which this 
function is unimpaired and the sugars are stored up in the body in the 
form of fat (diabetogenous obesity). 

According to the investigations of von Mering and Minkowski, which 
have been confirmed by different authors, this loss of power in the or- 
ganism to oxidize the sugars brought into the body or formed normally 
in the body from albumin, or to store them up as glycogen or fat, is to 
be ascribed to an insufficiency of pancreatic function. This conclusion 
is drawn chiefly from the fact that after total extirpation of the pancreas 
in dogs, a diabetes of severe character, usually fatal within a few weeks, 
is produced, this being characterized, as is diabetes in the human sub- 
ject, by polyuria, polydipsia, hyperglycemia, glycosuria, diminution of 
the glycogen of the tissues, also at times by marked destruction of 
albumin, eimaciation, excretion of large amounts of acetone, aceto-acetic 
acid, 3-oxybutyric acid, and ammonia, as well as by the occurrence of a 
comatose condition. In support of the view that there is a definite re- 
lation between disturbances of pancreatic function and diabetes, it has 
been found that in certain cases of this disease in man the pancreas has 
exhibited demonstrable changes, of the nature of atrophy or degenera- 
tion. It should, however, be borne in mind that the anatomical investi- 
gation often fails to reveal a pathological condition of the pancreas; so 
that we are forced to content ourselves with the hypothesis that the 
anatomical changes underlying the functional disturbanee of the pan- 
creas are not demonstrable. 

An exact explanation of the causal relations existing between pan- 
creatic disease and diabetes cannot at the present time be given, yet from 
the foregoing experimental researches the hypothesis may be deduced 
that the pancreas produces an internal secretion which is of importance 
in the metabolism of glucose, and that if this function is lost the cap- 
acity for the decomposition of glucose is diminished. Likewise, no ex- 
planation can at present be given for the increased destruction of the 
albumins and the accompanying abundant production of 3-oxybutyric 
acid, aceto-acetic acid, and acetone. Since these substances are not al- 
ways found in experimental pancreatic diabetes, their formation probably 
does not stand in direct relation to the excretion of sugar, but is to be 
regarded rather asa complication of diabetes (Minkowski). Their oc- 
currence in diabetes, moreover, is not always constant, and they are 
found in other diseases (intoxications, carcinoma, disturbances of di- 


gestion). 


The occurrence of diabetes after total extirpation of the pancreas is evidence that 
this organ possesses a special function which is of the greatest importance in the nor- 
mal consumption of sugar in the organism. Lépine is of the opinion that there is in the 
blood a glycolytic ferment, which is formed by the pancreas and passed from this or- 
gan into the blood: and that the cause of the mellituria in diabetic patients and in dogs 
from which the pancreas has been removed is to be sought in a decrease in the amount 
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of this ferment. According to Minkowski, the experiments of Zéptne do not offer suffi- 
cient support for this theory. At the present time it is impossible to offer a satisfac- 
tory theory of the pathogenesis of pancreatic diabetes. 

If only a portion of the pancreas of a dog be removed, no diabetes occurs, or at 
Icast the excretion of sugar is much less than after total extirpation (Minkowskt). If in 
dogs from which the pancreas has been totally removed a portion of pancreas is trans- 
planted subcutaneously, diabetes docs not follow (Minkowski, Hédon), but occurs if the 
transplanted piece be excised. 

According to Minkorrski, there is no direct communication between the secretory 
function of the pancreas and that function of the organ concerned in the metabolism of 
sugar. 

Poisoning with phloridzin produces, according to ton Mering and Minkowski, a 
marked glycosuria in most animals and in man, and the same symptoms as those seen 
in diabetes, may be produced by a continuous administration of the poison. Since in 
this case the cause of the pathological excretion of sugar lies in the kidneys and repre- 
sents a tlushing-out of sugar from the organism, phloridzin diabetes cannot be identified 
with the ordinary form of diabetes found in man—that is, with pancreatic diabetes. In 
dogs in which diabetes has been produced by the extirpation of the pancreas, phloridzin 
produces an increase in the amount of sugar excreted (Minkowsk1). 
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to pathological conditions of the body. Both clinical observations and 
experimental investigations tend to show that the peculiar disease (Fig. 
6) known as myxadema (Ord) is due to changes in the thyroid. 
Myxwdema is a condition in which the external appearance of the pa- 
tient is suggestive of thyreoprival cachexia, in that the same character- 
istic pale and elastic swellings of the skin of the face (Fig. 6), not pitting 
on pressure with the fingers, are associated with similar pale and dry 
swellings in other parts of the body. Further, there is a loss of intel- 
lectual power, which finds expression in an increasing difficulty in think- 
ing and acting, duluess of the tactile sense, retardation of muscular 
action, and a monotonous nasal voice. Finally, a marked general 
weakness and often also symptoms of actual mental derangement occur, 











Fic, 6.—Myxcedema (case observed Fig. 7.—Myxodema. The same individ- 
by Meltzer). Age of patient, tirty- ual (Fig. 6) after three months of treatment 
seven years. ‘with pulverized sheep's thyroid, 


and death follows a gradually increasing cachexia associated with symp- 
toms of anemia and coma. 

Judging from the clinical and anatomical characteristics presented 
by the patients, cretinism (Fig. 8)—that is, the alterations in the struc- 
ture and functions of the body which characterize this disease—is de- 
pendent upon disturbances of thyroid function. In support of this view 
is the fact that in cretins there is always present some degenerative con- 
dition of the thyroid, the organ being either enlarged and changed in 
structure (goitre) or atrophic. Further, the general appearance of 
eretins (Fig. 8) is similar to that of those individuals who as a result of 
thyroidectomy in e childhood (Fig. 5) have become stunted in de- 
velopment. The longitudinal growth of the long bones is more or less 
below that of the normal, while the soft parts are relatively well devel- 
oped. The individual portions of the body are unequally developed, 
the head is relatively Jarge, the abdomen and neck are thick, the bridge 
of the nose is depressed, while the nose itself is broad and stumpy; the 
skin is pale, flabby, wrinkled, and puffed, as if cedematously swollen, 
particularly over the face. The mental faculties are always feeble, 
sometimes markedly so. The power of speech and of understanding 
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Blum regards the thyroid as an organ whose function it is to destroy enterotoxins 
arising from the decomposition of albumin in the intestine. 

Anatomical investigations have failed to throw any definite light upon the ques- 
tion of the internal secretion of the thyroid. It has been proved that the colloid 
produced by the thyroid cells passes into the lymph-vessels. It is probable that 
iodothyrin is contained in this colloid substance. According to Bruns, the diminution 
in the size of the goitre after the administration of thyroid-gland-substance or of thy- 
roiodine may be attributed to the fact that in the hypertrophic gland-tissue of the 

oitre which contains numerous follicles—many of which are entirely destitute of col- 
oid, or contain but little of it, or are imperfectly developed—there occurs an increase 
of colloid-secretion in the fully developed follicles, and at the same time a greater 
abundance of colloid is passed into the lymph-stream, while the imperfectly developed 
follicles, on the other hand, atrophy and disappear. After the administration of active 
thyroid substance for a longer time, some of the secreting follicles also undergo 
atrophy. 

According to the investigations of Rogowitsch, Stieda, and Hofmeister, the extir- 
pation of the thyroid in rabbits causes enlargement and peculiar changes in the hy- 
pophysis. 

lt is possible that Basedow’s disease, which is characterized by a pulsating and 
highly vascular swelling of the thyroid, projection of the eyeballs from their orbits, 
acceleration of heart action, and great excitability on the part of the patient, is also de- 
pendent upon a diseased condition of the thyroid—namely, a hypersecretion (hyperthy- 
reosts). In support of this hypothesis is the fact that glands so affected are rich in func- 
tionating gland-tissuc; but no positive conclusions can be drawn concerning this point. 


Literature. 
(Cachexia Thyreopriva, Myxedema, Cretinism, and Basedow’s Disease. ) 


Askanazy: Z. Kenntn. d. Morbus Basedowii. Deut. Arch. f. klin. Med., 61 Bd., 1898. 

Baumann: Jod im Thierkörper. Zeitschr. f. phys. Chem., 21, 22 Bd., 1895-1896; 
Jodothyrin. Münch. med. Woch., 1896. 

Baumann u. Goldmann: Jodothyrin. Münch. med. Woch., 1896. 

Baumgärtner: Zur Kachexia strumipriva. Arch. f. klin. Chir., 81 Bd., 1884. 

Beadles: The Treatment of Mxyadema and Cretinism. Journ. of Med. Sc., 1893. 

Blum: Schilddrüse als entgiftendes Organ. Virch. Arch., 158 Bd., 1899. 

Blumreich u. Jacoby: Bedeutung der Schilddrüse. Arch. f. d. ges. Phys., 64 Bd., 
1896. 

Bozzi: Unters. üb. die Schilddrüse. Beitr. v. Ziegler, xviii., 1895. 

Bruns: Schilddrüsenbehandlung d. Kropfes. Beitr. v. Bruns, xvi., 1896. 

Buschan: Myxödem. Eulenburg’s Realencyklop., xvi., 1898. 

De Coulon: Thyreoidea u. Hypophysis der Kretinen. Virch. Arch., 147 Bd., 1897. 

Donath: Wirkung d. Schilddrüse. Virch. Arch., 144 Bd., Suppl., 1896. 

Drobnick: Folgen d. Exstirp. d. Schilddrüse. Arch. f. exp. Path., 25 Bd., 1888. 

Ehrich: Z. Kenntn. d. Morbus Basedowii. Beiträge v. Bruns, xxviii., 1900. 

von Eiselsberg: Z. Lehre der Schilddrüse. Virch. Arch., 53 Bd., 1898. 

Ewald: Die Erkrankungen der Schilddrüse, Myxödem und Kretinismus, Wien, 1896 
(Lit.). 

Farner: Morbus Basedowii. Virch. Arch., 143 Bd., 1896. 

Fuhr: Die Exstirpation der Schilddrüse. Arch. f. exp. Path., 21 Bd., 1886. 

Gauthin: Fonctions du corps thyrofde. Rev. de méd., 1900. 

Gley: Effects de la thyrofdectomie. Arch. de phys., iv., 1892; vii., 1895. 

Grundler: Zur Kachexia strumipriva. Mittheil. a. d. chir. Klinik zu Tübingen, i., 
1884. 

Gull: Cretinoid State Supervening in Adult Life in Women. Trans. of the Clin. Soc., 
London, 1893. 

Hertoghe u. Spiegelberg: Rolle d. Schilddrüse bei Hemmung d. Wachsthums, 
München, 1900. 

Hofmeister: Physiologie d. Schilddrüse. Fortschr. d. Med., 1892; Folgen d. Schild- 
drüsenverlustes. Beitr. v. Bruns, xi., 1894. ; 
Horsley: Function d. Schilddrüse. Internat. Beitr. Festschr. f. Virchow, i., Berlin, 

1891 (Lit.). 
Jaquet: Schilddrüse u. Schilddrüsenpräparate. Corrbl. f. Schweizer Aerzte, 1899. 
Kocher: Kropfexstirpation u. ihre Folgen. Arch. f. klin. Chir., 27 Bd., 1883; Verhü- 
tung des Kretinismus. Deut. Zeit. f. Chir., 84 Bd., 1892; Schilddrüsenfunction. 
Correspbl. f. Schweizer Aerzte, 1895. 


ADDISON'S DISEASE. 89 


Laache: Ueb. Myxödem u. dessen Behandlung mit Gland. thyr. Deut. med. Woch., 
1 
Langendorf: Aeltere u. neuere Ansichten über d. Schilddrüse. Biol. Cbl., ix., 1889. 
hans: Veränd. d. peripheren Nerven bei Kachexia strumipriva. Virch. Arch., 
128 Bd., 1892. 
Lannois: De la cachexie pach ydermique (myxa@d&me). Arch. de med. exp., i., 1889. 
Lanz: Zur Schilddrüsenfrage, Leipzig, 1894; Thyreoidismus. Deut. med. Woch,, 1895. 
Teichtenstern. Heilung v. operat. My xödem m. Schilddrüsenfütterung. Deut. med. 
'och., 1893. 
Leonhard: Bed. d. Schilddrüse f. d. Wachsthum. Virch. Arch., 149 Bd., 1897. 
Meltzer: Leber Myxödem, New York. med. Monatsschr., 1894. 
Notkin: Zur Schilddrüsen gon physiologic Virch. Arch., 144 Bd., Suppl., 1896. 
Ord: On Myxcedema. Chir. Trans., 1xi. ; ; and Brit. Med. ’ Journ., 1877. 
Osler: Sporadic Cretiniem | in America. Trans. Assn. of Amer. Phys., "1898, vol. viii. 
Oswald: Jodgehalt d. Schilddrüsen. Zeit. f. phys. Chem., xxiii., 1897; Function. 
Münch. med. Woch., 1899. 
Ponfick: ı Myxödem u. Akromegalie. Chl. f. allg. Path., ix., 1898; Zeit. f. klin. Med., 
1 
de Quervain: Veränd. d. Centralnervensystems bei Kachexia thyreopriva. Virch. 
Arch., 133 Bd., 1893. 
: Note sur vingt-deux opérat. de goftre. Rev. med. de la Suisse rom., 1884. 
itsch: Veränd. d. Hypophyse nach Entfernung d. Schilddrüse. Beitr. v. 
Roos: Wi iv., 1888. 
Virkung des Jodothyrins. Zeitschr. f. phys. Chem., xxii, 1896; xxviii., 


Bouxesa: Thyrofdectomie chez le lapin. Arch. de phys., ix., 1897. 
Banauirico et Canalis: Sur l’exstirpation du corps thy rofde. Arch. ital. de biol., v., 


Schmidt: Der Secretionsvorgang in d. Schilddrüse. Arch. f. mikr. Anat., 47 Bd., 
1896. 

Schwerdt: Morbus Basedowii. Münch. med. Woch., 1898. 

Stewart: The Treatment of Myxwdema by Thyroid Feeding. Fortschr. d. Med., 


1894. 

Stieda: Hypophyse d. Kaninchens naclı Entfernung d. Schilddrüse. Beitr. v. 
Ziegler, vii., 1890. 

Vermehren: Behandlung d. Myxödems und Kretinismus. Deut. med. Woch , 1898. 

Virchow: Kropf. Geschwülste, iii.; Kretinismus. Ges. Abhandl., 1856; Woch., 
1887; Kropfkachexie,. Virch. Arch., 144 Bd., 1896. 

Weiss: Wucherungen in den peripher. Nerven d. Hundes. Virch. Arch., 135 Bd., 
1894. 


8 27. Addison’s Disease is a peculiar affection, usually fatal after a 
course of about two years on the average, and is very probably to be 
regarded as the result of a functional disturbance of the suprarenals. It is 
characterized chiefly by the appearance of a light-yellow-brown to dark- 
brown, diffuse, and spotted pigmentation of the skin (melasma supra- 
renale), which shows itself first in the portions of the skin normally 
exposed, later in other parts of the body-surface and in the mueous 
membrane of the mouth. Even at the beginning of the disease, or even 
before the pigmentation of the skin, there occur loss of appetite, nausea, 
pain in the epigastrium, diarrhea, constipation, and vomiting—all 
symptoms of a disturbed intestinal and gastrie function; later, muscular 
weakness; and finally, nervous symptoms, asthenia, fatigue on slight 
exertion, headache, vertigo, fainting, epileptiform attacks, and coma. 
Occasionally a recognizable increase of the pigment of the skin does not 
occur, and the disease is characterized only by the gastro-intestinal 
symptoms, progressive weakness, and anemia. 

In about eighty per cent of all typical cases of Addison’s disease the 
suprarenals are found to be diseased, in the majority of cases being changed 
into a caseous or fibro-caseous mass. With the exception of these 
changes there are no other lesions so constantly characteristic of Addi- 
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son's disease. There can scarcely remain any doubt that the disease of 
the suprarenals bears a causal relation to this disease; it may, therefore, 
be designated as a suprarenal cachexia. In what way the loss or change 
of the function of the suprarenal bodies acts injuriously upon the organ- 
ism cannot at present be stated. It is not improbable that the suprarenal 
bodies, like the thyroid, produce a substance which is necessary for the 
preservation’of the organism; or possibly poisonous substances are de- 
stroyed by them. 


The literature of Addison’s disease is exceptionally rich, but in spite of the great 
number of clinical and experimental investigations, the pathogenesis of the disease and 
the significance of the adrenals for the human and animal organism have not vet been 
made clear. Nevertheless, it is certain that a normal functional activity of the adrenals 
is necessary to the integrity of the organism. This is based not only upon clinical ob- 
servations and anatomical investigations in man, but also upon animal experiments. 
For example, the extirpation of the adrenals in dogs, rabbits, cats, and guinea-pigs 
gives rise to a lowering of blood-pressure, muscular weakness, and nervous symptoms, 
paralysis, coma, and, if life be sufliciently prolonged, a loss of strength, and, accord- 
ing to Tizzoni, also an abnormal pigmentation of the mucous membranes. The admin- 
istration of adrenal extract causes in animals an increase of blood-pressure, slowing of 
the pulse-rate, increase in the strength of muscle-contractions after nerve-stimulation, 
and a decrease in respiratory movements. The cause of the increase of blood-pressure 
is regarded by some as the effect of the extract upon the vasomotor centre (Scymono- 
ecicz), by others as a direct action upon the arterial walls (Schäfer). The contraction of 
the small vessels has been definitely proved. According to ton Fürth, the active sub- 
stance is hydro-dioxypyridin, which he calls suprarenin. Since the adrenals do not 
show pathological changes in all cases of Addison’s disease, the view has been advanced 
by some investigators that the disease is dependent upon other local changes, particu- 
larly upon pathological conditions of the sympathetic and the sympathetic ganglia; yet 
the conditions found thus far are not adequate for such an explanation. That ina 
small minority of cases the adrenals appear unchanged cannot (even if all these cases 
had been correctly diagnosed, which is surely not probable) be accepted as valid evi- 
dence against the pathogenic significance of the degeneration of the adrenals, inasmuch 
as ap apparently normal adrenal may functionate abnormally. 

Inflammatory and degenerative changes in the semilunar ganglia or in other parts 
of the sympathetic, as well as in the intervertebral ganglia have been frequently ob- 
served in Addison's disease. These have been described by a number of investigators, 
and may be explained as an extension of inflammation and degeneration from the adre- 
nals to the parts mentioned. To conclude from this that Addison’s disease is dependent 
upon a disease of the sympathetic and not of the adrenals, is not sufficiently well 
grounded, since the disease of the adrenals actually exists while that of the nerves is 
found only in a minority of cases. 

Manasse found in preparations which, while still retaining the body-heat, were 
placed in solutions of chromic salts and thereby hardened, that the cells of the adrenal 
stand in closest relations to the veins, reaching out free into the lumen of the veins; 
and that in the vessels, particularly in the veins, there is present a peculiar hyaline 
substance, which is colored brown by the chromic salts in the same manner as are the 
neighboring parenchymatous cells. It is therefore possible that the cells furnish to 
the blood some peculiar substance. It should be stated, further, that this substance is 
found also in the arteries. It cannot be demonstrated in alcoholic preparations. 

As a pathological condition due to the loss of a specific glandular function should 
be classed also those abnormal symptoms in the structure and functions of the body 
resulting from castration—that is, the removal from the body of the sexual glands. 
If the ovaries are removed from a woman after the age of puberty, menstruation usu- 
ally ceases at once, but rarely only after some time. Sexual] desire and the erethism 
accompanying the sexual act are usually diminished in intensity, but may also be un- 
changed. The remaining portions of the genital apparatus undergo atrophy ; this is es- 
pecially marked in the case of the uterus. Certain nervous manifestations may follow, 
the most common of which ure excitement, with reddening and heat of the skin, espe- 
cially of the face, often associated with attacks of sweating; these symptoms being of 
most frequent occurrence in the period immediately following the castration. e 
disposition remains unchanged or may become more cheerful, especially in those cases 
in which the woman is by the castration relieved of severe pain. At times depression 
or melancholia may follow. If the ovaries are removed or destroyed during childhood, 
the body comes to resemble in its build the male type; the muscles are more strongly 
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developed, the development of the pelvis is changed, and the breasts do not increase in 
size. 

Castration in an adult male produces no marked change in the build of the body. 
On the other hand, if boys are castrated, the build of the body approaches that of the 
female. There occurs an increased deposit of fat, particularly on the abdomen, while 
the musculature is only feebly developed. The external genitals remain small, the 
prostate is diminished in size, and there is no growth of beard or pubic hair. The 
larynx remains small, and the voice is child-like. The mental powers are lacking in 
energy and strength. 

n castrated stags the antlers are not developed; in cocks the combs, wattles, and 
ear-lobes do not reach normal development, while the feathers are developed to a 
greater extent (Sellhetm). 

According to White, Kirby, Kimmel, Bruns, and others, castration in fully devel- 
oped animals causes a decrease in the size of the prostate; and it is said that in old men 
suffering from prostatic enlargement, castration may lead to a diminution in size of the 
enlarged prostate. Others.(Czerny, Socin) express a less favorable opinion as to the re- 
sults of castration in such cases. 

In what manner the extirpation of the serual glands affects the entire body has not 
been determined with certainty. By many authors it is assumed that, as a result of 
castration, the trophic influence exerted upon the tissues by the sexual glands, through 
the nervous system, is withdrawn. The cessation of the menses may indeed be re- 
garded as due to the withdrawal of nervous stimuli, and the atrophy of the uterus may 
perhaps be dependent upon the same cause; but in general it is more likely that cer- 
tain chemical substances, which exert a certain influence on the functions, growth, and 
development of the body, are formed in the sexual glands. 

According to the investigations of Loewy and Richter, after castration of female 
dogs there occurs a lowering of the oxidation-power of the cells of the body and a de- 
crease in the amount of oxygen used by about twenty percent. The administration of 
dried ovarian substance or of oöphorin from the ovaries of the cow or hog causes an in- 
crease of the amount of oxygen consumed even greater than the average observed before 
the castration. Preparations of testicles showed no such influence. In male dogs the 
same conditions prevailed; spermin caused only slight increase in the gaseous inter- 
change, odphorin gave a marked increase (as much as forty-four per cent). 

According to the view of Brown-Séquard, all glands produce an especial internal 
secretion, and give to the blood certain substances which are useful to the organism. 
He ascribes to the juice of the generative glands an especial], stimulating, and tonic in- 
fluence upon the organism. According to Poehl, the active substance in the extract of 
the sexual glands is spermin, a base which is found in different glands (thyroid, pan- 
creas, Ovaries, spleen), and which through its catalytic action restores the oxidizing 
power of the blood whenever through various causes it may be lowered, and promotes 
safraorganic oridation. 

Zoth and Pregel, who have carried out experiments with reference to the effects of 
glycerin extracts of the testicles of animals, report that injections of this extract in- 
crease very markedly the power of muscular contraction. 
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Ill. Fever and Its Significance. 


§ 28. When a local organic disease takes on the character of a gene 
eral disease, or when a disease at its very inception manifests such a 
character, there is seen very frequently a symptom-complex which is 
designated as fever. Particularly in the case of those infectious diseases 
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asociated with symptoms of intoxication does the appearance of fever 
during their course play an important réle. The characteristic sign of 
fever is an increase of bodily temperature ; but accompanying this there 
are other symptoms, especially an increase of the pulse-rate, disturbances in 
the distribution of the blood, changes in the gaseous interchange within the 
lungs, and also changes in the urinary secretion. There is usually also a 
subjective feeling of illness, but this is not a necessary part of the symp- 
tomatology of fever, but an especial effect of an infection associated with 
syuptoms of poisoning, the infection occurring at the same time with the 
feverish increase of temperature, or before it, or even after it. 
Observation of the normal body has taught us that, in spite of changes 
oftemperature externally and also of changes in other extrinsic condi- 
tions the body-temperature is maintained at an average height of 37.2- 
374° C. (98.96-99.32° F.). The absolute variation between morning and 
erening is 1-1.5° C. (1.8-2.7° F.), the maximum occurring at evening. 
_ The elevation of temperature of the body above that of its surround- 
ings is due to the fact that through chemical changes occurring in the‘or- 
@uisın, particularly in the muscles and glands, heat is produced, and to 
&ch an extent that the temperature of the body may be raised one degree 





‘Vc. ¥.—Temperaturecurve of a continued remittent fever, with slowly rising and gradually falling curve 
(typhoid fever). 


Centigrade (1.8° F.) in half an hour. This phenomenon of heat-produc- 
tion is offset by one of heat-dispersion, occurring chiefly through the 
skin, lungs, and the excreta. Both heat-production and heat-dispersion 
are under the influence of the nervous system, and through its regula- 
tion of both processes a constant temperature is maintained. 

On exposure to lower temperatures the heat-production is increased 
(chiely through the agency of the muscles), while heat-dispersion is 
lesened through contraction of the cutaneous vessels and inhibition of 
Pespiration, 

exposure to higher temperatures heat-dispersion is increased 
through increased frequency of respiration, dilatation of the arteries of 
the skin, and increased secretion of sweat. 
In those conditions which we call fever there -is a disturbance of the 
regulation of heat-production and heat-dispersion, in favor of heat-produc- 
tion, % that the temperature of the body is more or less elevated above the 
wormal (Figs. 9-11). Elevations of temperature (rectal measurements) 
to 3°C, (100.4° F.) are called hypernormal; from 38? to 38.5° C. 
(100.4-101,3° F.), light fever; from 38.5 to 39.5° C. (101:3-103.1° F.), 
moderate fever ; 39.5-40.5° C. (103.1-104.9° F.), marked_fe over 
9.” (, (104.9° F.) (evening temperature), high fever ; and over 41° C. 
105.8" F.), as Ayperpyrexia. 

Four periods may be distinguished in fever. The first, which is 
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In the last-named, afebrile periods (apyrexia) alternate with periods 
of fever, each paroxysm having an initial period, a fastigium, and a 
defervescence. In the infectious disease known as febris recurrens there 
is first a continuous fever, which after a few days falls by crisis; after 
about a week or so a second rise of temperature occurs, which may be 
followed by a second stage of apyrexia, and this by a third period of fever. 

Many diseases—such as typhoid fever, pneumonia, measles, relapsing 
fever, etc.—are characterized by a typical temperature-curve; others— 
as pleuritis, endocarditis, diphtheria, tuberculosis, phlegmon, etc.—have 
no typical course of fever. 

The elevation of the body-temperature in fever is dependent 
primarily on an increase in heat-production through increase of the chemical 
changes occurring in the body. The respiratory interchange of gases—the 
excretion of carbonic acid (Liebermeister, Leyden) and the taking-up of 
oxygen (Zunz, Finkler)—is increased, a proof that the oxidation-proc- 
esses and with these also the heat-production are increased. At the 
same time the excretion of nitrogenous elements in the urine (urea, uric 
acid, creatinin) is increased—on the average about from seventy to one 
hundred per cent, under certain conditions even as much as threefold. 
There is also an increased destruction of the albuminoid substances of the 
body, the albumin of the organs, even in the latent period of the fever 
(Naunyn). 

The increase of heat-production varies in different fevers, but in gen- 
eral does not reach that degree which can be produced by excessive 
muscle-action and over-feeding with albumin. It is at its highest point 
at the time of the initial chill, in that the violent muscular contractions 
thereby produced may increase the production of heat. 

The second cause of the elevation of the body-temperature is deficient 
heat-dispersion. At the height of the fever the patient as a rule gives 
off more heat than the normal individual, but this dispersion is not suffi- 
cient to offset the excessive heat-production. Heat-production is con- 
stantly increased ; heat-dispersion is irregular. 

In the initial stage the cutaneous vessels are contracted as a result of 
stimulation of the vasomotors, the skin is pale, the heat-dispersion 
slight, under certain conditions even less than normal. 

Chills occur when, through the contraction of the peripheral arteries, 
the supply of blood, and consequently the heat-supply, to the cutaneous 
nerves is suddenly diminished, while in the interior of the body the tem- 
perature is rising. 

In the second stage of fever the skin is often hot and reddened, and 
in certain diseases sweating occurs; but the increased heat-dispersion 
thereby produced is not sufficient to lower the temperature to the nor- 
mal. The increased excitability of the vasomotors or the deficient irri- 
tability of the vaso-dilators (Heidenhain, Naunyn, Senator) is also 
present during this period, and as a result the skin-temperature, as well 
as the heat-dispersion, varies greatly. The skin is at times pale and 
cold, at other times red and hot, and the hands may be cold while the 
trunk is hot. The centres governing heat-dispersion are therefore act- 
ing faultily. 

In the period of defervescence the relations of heat-dispersion and 
heat- production are changed in favor of the former. The cutaneous ves- 
sels become dilated, the skin gives out a great amount of heat from the 
abundance of blood circulating through it, and when the critical fall of 
the fever occurs there is usually profuse sweating. 
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The cause of fever is not known with certainty, yet this much can be 
said, that fever is most frequently the result of the entrance of a harmful 
agent into the fluids of the body. In many cases this harmful agent arises 
demonstrably from a local focus—for example, from erysipelatous and 
phlegmonous inflammations of the skin. Experimentally, fever may be 
produced by very different procedures—for example, through the infu- 
sion into the vessels of an animal of blood from one of another species, 
through the injection of animal or vegetable substances that are begin- 
ning to decompose (Billroth, Weber), and through numerous infections. 
In man, the infectious diseases, which are regarded as due to specific 
micro-organisms multiplying in the body, are in particular character- 
ized by fever. 

It is probable that the parasites multiplying within the body cause an 
increased tissue-destruction, either directly or through the production of 
unformed ferments, and that at the same time substances are produced 
which act as poisons upon the central nervous system. The action of the 
latter may be assumed to be of such a nature that, on one side, the 
activity of the muscles and glands, and consequently the heat-producing 
metabolism, are increased; while, on the other hand, through the dimin- 
ished and disturbed functions of the nerves governing sweating, as well 
as of the vasomotors, the processes of heat-dispersion fall behind those 
of heat-production. Further, though the organism makes an effort to 
regulate the temperature, itis no longer able to maintain it at the nor- 
mal level, because of the disturbances of the regulating apparatus. 
What share in the increase of body-temperature is due to the direct ac- 
tion of bacteria and of the ferments formed by them, or what share is 
due to the increase of metabolism, through the stimulation of the nerves 
as well as by disturbance of heat-dispersion, cannot at present be deter- 
mined. Itis, however, certain that the factors vary in different cases. 
That under certain conditions, changes in the nervous system without 
contamination of the tissue-juices are in themselves sufficient to cause a 
feverish increase of temperature, 1s shown by the fact that fever may 
occur in epileptic attacks, in the periods of excitation occurring in the 
course of progressive paralysis, after severe frights, after the passage of 
a catheter into the bladder, ete. According to the investigations of 
Richet, Aronsohn, and Sachs, a marked increase in body-temperature 
with increase of the respiratory interchanges of gases and increased ex- 
cretion of nitrogen (Aronsohn and Sachs) may be produced in animals 
by a puncture which passes through the cerebral cortex and strikes the 
corpus striatum. The same phenomenon may be produced alsd by elec- 
trical stimulation (Aronsohn, Sachs) of the same portion of the brain. 
Nevertheless, fevers dependent upon nervous disturbance are rare, and 
are overshadowed in importance by those caused by infection. 

The rise of temperature in fever is usually accompanied by an in- 
crease in the frequency of the pulse-rate ; but in some cases this effect 
of the elevation of temperature may be so greatly modified through 
stimulation of the vagus—as, for example, in basilar meningitis—that 
the pulse-rate may be lowered. The pulse is at one time full and bound- 
ing, at another time small because of weakened contractions of the heart. 

The impairment of the contractions of the heart-muscle is dependent 
partly upon the constant high temperature, partly upon poisonous sub- 
stances, which are produced by the morbid processes peculiar to the es- 
pecial disease, and which exert a harmful influence upon the muscle- 
substance of the heart or upon the nervous system. 
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In diseases accompanied by fever there is usually a marked sensation 
of illness with a heavy feeling in the head. In severe fevers there occur 
elouding of consciousness, symptoms of excitation and depression, hal- 
lucinations, delirium, apathy, involuntary evacuations, tremors of the 
hands, convulsions (in children), etc. The muscles of the body become 
weak and not infrequently painful. Digestion is decidedly impaired; 
the appetite for food is slight, but on the contrary there is great thirst; 
the mouth is dry. There is an increased frequency of respiration; after 
the appearance of muscular weakness the respiratory movements are 
superficial. The excretion of urine is usually diminished; the amount 
of urea in the urine is increased, while that of sodium chloride is dimin- 
ished. 

In prolonged fevers there is marked wasting of the body, in that a 
large portion of the albuminous material and fat of the body is de- 
stroyed. 

To what extent these symptoms in individual cases are dependent 
upon the increase of temperature or to what extent upon the damage to 
the organism caused by the specific morbid process, it is difficult to say, 
but the marked effects upon the nervous system must for the greater 
part be regarded as a result of the infection and intoxication. 

Death results most often from cardiac insufficiency, but it may be 
brought about also by the severity of the infection—that is, by the 
changes in the body-fluids (through their influence upon the nervous 
system), by the wasting of the strength, as well as by an excessive ele- 
vation of temperature to 43°, 44°, or 45° C. (109.4°, 111.2°, and 113° 
F.). It should, however, be remarked that under certain conditions very 
high temperatures may be borne for a length of time without fatal re- 
sults, and that the death following very high temperatures cannot be 
ascribed to the abnormal temperature alone, but is rather to be regarded 
in part or wholly as the result of the infection (see § 3). 


The questions concerning the nature of fever, which Galen designated as Calor 
preter naturam, have been much advanced during the last decades by numerous clin- 
ical and experimental investigations. From these we have learned of the associated 
disturbances of metabolism, the increased consumption of oxygen, the increased excre- 
tion of nitrogen and carbon compounds, as well as of the disturbances of the heat-dis- 
persion. If we, in spite of this knowledge, do not yet possess a full understanding of 
all the morbid processes which in a given case may cause fever, we may attribute this 
to the fact that the causa efficiens of fever is nota single entity, but may be one of 
many different factors, and that the feverish elevation of the body-temperature does 
not always occur in exactly the same manner. The increase of the tissue-changes and 
oxidation-processes within the body is not always brought about in the same way. 
Further, the disturbance of heat-dispersion through radiation from the skin and the 
evaporation of water is not always the same, but changes, not only in the course of one 
febrile disease, but also in different forms of fever. Correspondingly, the röle played 
by the nervous system in the occurrence of the feverish increase of temperature is not 
the same in every case. According to Senator, there is, in fevers, no harmony between 
the regulation of heat and metabolism; and we must therefore assume that heat is de- 
veloped through other processes than those leading to the production of urea and car- 
bonic acid. According to Herz, heat is set free by the changes in the arrangement of 
the molecules of the cell-protoplasm, which occur in many of the cells in fever patients, 
and which lead to the destruction of protoplasm. Further, heat may be liberated by 
processes of swelling and coagulation of the protoplasm, while at the same time the 
diminished activity of the regenerative processes in fever occasions a loss in the stor- 
ing-up of latent heat. On the other hand, Krehl and Marthes are of the opinion that 
oxidation forms the sole source of heat. 
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CHAPTER III. 


The Protective and Healing Forces of the Human 
Body. The Acquiring of Immunity. 


I. The Natural Protective Contrivances, Protective Forces, and 
Healing Powers of the Human Organism, and their Action. 


§ 29. The human organism is not entirely. defenceless against the 
many harmful influences to which men during the course of their lives 
are exposed. It possesses various protective contrivances and pro- 
tective forces, by which it is able in many cases to ward off the injuri- 
ous agent, or at least rapidly to counteract its harmfal influence, so that 
a disease may be either wholly prevented or confined to a slight local 
lesion of much less severity than the disease usually produced by the 
particular injurious agent. As the mode of action of different injurious 
influences varies greatly, so does the manner of defence likewise vary 
greatly. The protective forces may act at very different times—that is, 
sometimes even before the tissues have been damaged, at other times 
after the injurious action has reached a certain stage, and threatens, 
either through direct extension or through metastasis, or through poison- 
ing of the body-fluids, or through disturbance of function, to spread 
further through the body. 

When the environment of the body becomes relatively cold or rela- 
tively warm, those regulating functions are brought into play through 
which the organism can increase or diminish heat-production and heat-dis- 
persion, and in this manner protect itself within certain limits against 
the influence of the external temperature. If these regulating functions 
are imperfectly performed, as in consequence of alcoholic intoxication, 
the individual may more easily die from the effects of cold than when 
under normal conditions. 

We cannot speak of special protecting contrivances against gross 
mechanical influences ; yet it is to be noted that the tissues by virtue of 
their physical properties are fitted to offer resistance to numerous forms 
of traumatism without receiving injury. If small, firm bodies, such as 
dust-particles, reach the mucous membrane of the respiratory or intes- 
tinal tracts, the epithelium forms a protective barrier against their en- 
trance into the tissue-spaces. Further, if ciliated epithelium is present, 
the dust-particles may be carried away by the movements of the cilia, or 
they may become surrounded by the mucus produced by the epithelium 
and mucous glands, and in this way are transported out of the body. 

Not infrequently there appear cells on the surface of the mucous 
membrane which encompass the dust-particles, and, taking these up into 
their substance, are carried away with the secretion of the mucous menı- 
brane. This phenomenon, known as phagocytosis, is observed on the 
mucous membranes of the pharynx and respiratory tract and in the 
alveoli of the lungs. The active agents participating in it are not only 
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the wandering-cells which pass from the tissues to the surface, and are 
derived chiefly from the blood-vessels and also from the nodes of 
lymphadenoid tissue in the mucous membrane, but epithelial cells as 
well. The peculiar phenomenon of phagocytosis depends upon the fact 
that the cells can, by movements of their protoplasm, take up little par- 
ticles, which, like insoluble dust, exert no harmful influence upon the 
cell-protoplasm. If these cells laden with dust pass outside of the body, 
the taking-up of the dust by the cells appears to be a useful activity 
which aids in the cleansing of the organs from dust. If the dust-laden 
cells, on the other hand, as happens particularly in the lungs, pass into 
the lymph-channels and are deposited along their walls or are carried to 
the lymph-glands—that is, if a metastasis of the dust-containing cells 
into the internal organs takes place—the taking-up of dust by these cells 
appears in a less favorable light; and we can regard this act as a useful 
phenomenon only through the consideration that the infiltration of the 
pulmonary connective tissue and lymph-glands with dust is less harmful 
than the deposit of dust on the inner surface of the alveoli. 

When dust-particles, free or enclosed in cells, reach the !ymph-glands, 
they are arrested and deposited in the cells of these glands, so that the 
lymph-glands may be regarded as trustworthy filters, which guard the 
blood and the internal organs from the entrance of dust. 

Against the action of poisons the human body is able to protect itself 
in various ways. In the case of corrosive poisons the horny layer of the 
epidermis and the mucus of the mucous membranes offer a certain pro- 
tection; and under certain conditions a marked increase in the produc- 
tion of mucus—in the stomach, for example— may greatly diminish 
the harmful effects of a corrosive fluid. Through a transudation of fluid 
from the blood-vessels on to the surface of the mucous membrane a 
caustic fluid may be so diluted as to modify its action. On the other 
hand, the injurious substance may be thus spread over a greater surface, 
and thereby cause a more widespread damage to the tissue. 

On many poisons, abrin, ricin, the toxins of cholera, tetanus, and 
diphtheria, and snake-venom, the digestive juices have such an influence 
that doses invariably fatal when injected under the skin may be borne 
with impunity when taken by the mouth. According to Ransom, 
guinea-pigs are able to withstand, when administered by the mouth, an 
amount of tetanotoxin equivalent to three hundred thousand times the 
minimal fatal dose. According to Nencki and others, this neutralization 
of the poison is produced by the digestive enzymes, at one time chiefly through 
the pepsin, at another time through the trypsin and the mixture of the 
pancreatic juice with the bile. It is probable (Nencki) that the digest- 
ive enzymes cause a slight change in the molecules of the toxin, similar 
to the change of albumin into albumose; and the products arising from 
the toxins may accordingly be termed tozoses or toxoids. 

In the case of those poisons which after their entrance into the body- 
Juices act injuriously upon the blood or the nervous system, a favorable 
counter action on the part of the organism may be given partly by a 
rapid excretion of the poison through the kidneys, liver, and intestine, 
and partly through a chemical change of the poison. This method of pro- 
tection is effective only when it is accomplished before any injury has 
been produced by the poison. 

Of natural immunity against poisons or natural resistance to poisons we 
know but little at present, yet there is no doubt that many poisons are 
poisonous only for certain organisms, and it is probable that man is re- 
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sistant to many poisons which are injurious to certain animals. The 
same thing holds true especially of the toxic proteids and the organic. 
bases, as they are formed by bacteria or by higher animals (snakes) and 
plants. If we consider that many animals are only slightly or not at all 
susceptible to poisons which have marked action upon the human body 
—for example, the hedgehog is immune or resistant to cantharidin and 
the bite of poisonous snakes respectively; birds are immune against 
atropine and opium; goats against lead and nicotine; while dogs, rats, 
or other animals used for experiment show a disproportionately greater 
resistance to bacterial poisons or plant-alkaloids than does man—so it is 
very probable that the reverse is also true. The natural immunity of 
man against many of the infectious diseases of animals must depend 
upon a resistance to the toxalbumins and toxins produced by the par- 
ticular bacteria. According to Ehrlich, this resistance to poisons may 
be explained by the theory that the particular toxin possesses no chemi- 
cal relationship to any one of the bodily elements. 
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& 30. Against the infections and intoxications caused by parasites 
the human organism possesses various protective contrivances and 
powers of defence ; and these play a very important röle in the diseases 
caused by bacteria. In the first place, man possesses a natural im- 
munity against many of the micro-organisms pathogenic for animals 
(for example, swine-plague, swine-erysipelas, symptomatic anthrax), so 
that the given micro-organisms are not able to reproduce within the 
body, either because they do not find in human tissues the necessary 
conditions of life, or because the presence of certain ehemically active 
substances hinders their increase or kills them directly. For the protec- 
tion of the body against the pathogenic micro-organisms there are avail- 
able certain forces, which, according to their activity, may be divided 
into four groups: the first hindering the entrance of bacteria into the 
tissues; the second hindering the unlimited local spread of those bacteria 
which have gained entrance and have begun to multiply; the third pre- 
venting the entrance of bacteria into the blood and their metastasis; the 
fourth hindering intoxication, or at least weakening it, and reducing it 
to a low degree. 

For the prevention of the entrance of pathogenic bacteria into the 
tissues the same properties of tissues are effective as those hindering the 
entrance of dust; and in such capacity the protective epithelium and the 
mucus play a very important röle. In the respiratory tract the more- 
ments of the ciliated epithelium also furnish protection, and in the stomach 
the poisonous action of the gastric juice upon many pathogenic bacteria is 
an efficient means of defence. There can be no doubt that many patho- 
genic bacteria are not able to penetrate into the tissues, not only through 
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the uninjured external skin, but also through an unwounded mucous 
membrane, without some assistance favoring colonization and reproduc- 
tion, and that the stomach secretion not infrequently hinders the activity 
of the bacteria (pneumococcus, cholera spirillum), or even kills them. 

It appears also that the mucus secreted by the mucous membranes not 
only can envelop the bacteria, hinder their entrance into the tissue, and 
favor their removal, but that—what is of much greater importance—the 
mucus acts upon the bacteria, causing them to degenerate, either in that 
it contains substances which are injurious to the bacteria or in that it 
offers an unfavorable medium for the growth of the bacteria. In this 
way, according to Sanarelli and Dittrich, pus-cocei, cholera-spirilla, and 
pneumococci gradually lose their virulence and die in the mucus of the 
mouth-cavity, while diphtheria-bacilli apparently are not injured by 
mucus. In the secretion of the vagina and uterus, various kinds of bac- 
teria likewise soon die. 

Not every pathogenic organism, therefore, which gains a foothold 
upon the skin or upon any of the accessible mucous membranes or gains 
entrance to the lungs produces an infection. It has been shown through 
repeated investigations that in normal individuals there not infrequently 
occur in the upper respiratory passages and mouth-cavity not only harm- 
less bacteria—i.e., those which cannot reproduce in human tissues—but 
also those which can undoubtedly produce disease, as, for example, cocci 
which cause suppuration or those which are able to cause croupous in- 
flammation of the lung. It is, therefore, to be assumed that bacteria 
which are found upon the mucous membranes and have perhaps multi- 
plied there often die and are carried away without having produced in- 
fection. This occurs especially in the case of the cocci above mentioned, 
and tubercle-bacilli, as well as in the case of cholera-spirilla which suffer 
when brought into contact with the acid secretions of the stomach. Fin- 
ally, it may also be assumed that of the pathogenic bacteria entering the 
alveoli of the lung in the inspired air, many do not reproduce but die. 

In the case of a wound, uninjured wound-granulations offer a relatively 
secure protection against infections; in the first place, mechanically, by 
means of the thick layer of cells (Noetzel); and further, from the fact 
that the tissue-juices which escape from the granulations and infiltrate 
the same may weaken the virulence of various bacteria (Afanassieff). 

When bacteria have succeeded in gaining entrance locally and 
have begun to multiply—no matter whether they have passed through 
the epithelium without the aid of any other influence (typhoid-bacilli, 
cholera-spirilla), or whether they have passed into the connective tissues 
through the medium of small wounds (tetanus-bacilli, pus-cocci, cocci of 
erysipelas, tubercle-bacilli)—if they produce further effects either 
through local destruction of tissue or through the poisoning of the fluids 
of the body, there may be brought into action on the part of the body 
certain counter-influences which either hinder the further development of 
the bacteria or weaken or even completely destroy the poisons produced by 
them. The first-named restraining influence must naturally depend upon 
local conditions, either upon vital tissue-processes or upon the effects of 
chemical substances. 

As previously mentioned, the development of bacterial colonies gives 
rise to local tissue-degenerations, inflammation, and tissue-proliferations 
—all of which are processes in which the amount and composition of the 
fluids found in the affeeted region, as well as the cells themselves, are 
changed. Since in some of these cases a destruction of the bacteria has 
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been observed, and the infection not infrequently comes to an end 
through the complete disappearance of the bacteria, the death of the 
latter must be regarded as dependent upon local conditions. 

Many writers ascribe the prevention of the further spread of the 
infection and the destruction of the bacteria, in local foci of growth, to 
the activity of cells which collect at the seat of infection and take up the 
bacteria into their protoplasm—that is, to phagocytosis is ascribed the 
most important röle in the protection of the body against bacterial in- 
vasion. According to Metschnikoff and others, the amaboid cells of the 
body carry on a fight against the foreign invaders and endeavor to over- 
come them and destroy them. Such a characterization of the phenomena 
of phagocytosis is not supported by the actual facts, and can be regarded 
only as a poetical manner of expression by which consciousness and will- 
power are attributed to the ameboid cells of the body (the leucocytes 
and the proliferating tissue-cells)— which attributes it is evident do not 
exist. Scientifically considered, the gathering of the cells at the infected 
focus and the resulting phagocytosis represent simply an expression of 
certain processes which are natural to the ameeboid cells, and which are 
dependent upon the fact that the cells under the influence of mechanical, 
chemical, and thermal influences perform certain definite movements. 
We know through numerous investigations that the motile cells of the 
body are in part attracted, in part repelled or paralyzed by means of 
chemical substances in certain concentrations of solution (see the Chapter 
on Inflammation); and, further, that contact with hard bodies can stim- 
ulate them to the sending-out of protoplasmic processes. 

Such phenomena are designated as negative and positive chemo- 
tropismus or chemotaxis and as tactile irritability. We must assume 
that the bacteria multiplying within the tissues act upon the ameboid 
cells through the chemical substances which they produce, sometimes re- 
pelling or paralyzing, sometimes attracting, in the latter case affording 
conditions favorable for phagocytosis. This assumption is in harmony 
with the actual behavior of the cells in different local infections, in that 
the bacteria in one case are taken up by the cells, in another they are 
left undisturbed. 

If phagocytosis of the cells, in infections, be regarded as one of the 
vital phenomena of cells, it may be interpreted as a process designed for 
the taking-up of nourishment ; and this interpretation would suffer only 
one exception, whenever microparasites, themselves capable of motion, 
penetrate by reason of their own activity into the cells. 

The result of the taking-up of bacteria into cells depends in a particular 
case partly upon the properties of the devouring cells, partly upon the 
properties of the microparasites, and can result as well in the death and 
dissolution of the parasite, as in the death of the cells; or in a symbiosis 
of the cells with the parasites, the latter living within the cells un- 
changed and giving rise to no disturbance. In the first-named case the 
phagocytosis may be regarded as a curative process which hinders the 
multiplication and spread of the bacteria. In the second and third 
cases, on the contrary, the phenomenon is useless for the prevention of 
the spread of the parasites; indeed, there are cases (leprosy and to some 
extent also tuberculosis) in which the parasites find favorable conditions 
for development inside of the cells, increase within them, and finally 
cause their destruction. If the cells containing bacteria remain pre- 
served for a length of time, they may wander with the enclosed bacteria 
to other parts of the body, in this way effecting a metastasis. 
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Phagocytosis is therefore only of slight significance as a protective force in 
a certain number of cases; yet it cannot be doubted that the phagocytes in 
certain infections take up, not only dead or dying, but also living bac- 
teria not yet injured by other agents, and can cause their death. The 
collection of great numbers of cells in the infected tissue may, through 
the close packing of the lymphatics, offer a certain mechanical hindrance to 
the spread of bacteria, yet the protection so afforded is frequently in- 
sufficient. 

If bacteria, either free or enclosed in cells, pass from the lymph-ves- 
sels into the Iymph-glands, the latter act as filters, as in the case of 
dust, and retain the bacteria; but the protection which they offer is 
sufficient only when the bacteria so collected in the lymph-glands are 
hindered in their reproduction and are killed by the influence of their 
surroundings. The destruction may be accomplished under the influence 
of phagocytosis, but in many cases phagocytosis is possible only when the bac- 
teria are weakened or have already been killed. Further, the taking-up of 
living bacteria by the cells is not always followed by destruction of the 
bacteria, but there very frequently takes place an intracellular multipli- 
cation of the bacteria. 

More important than phagocytosis for the prevention of the spread 
of bacteria and other microparasites is the influence exerted by certain 
chemical substances in solution in the tissues. Since the saprophy- 
tic, non-pathogenic bacteria, when injected into living tissue, are killed 
within a very short time, we must assume that in the tissues there are 
present chemically active substances which are poisonous for many bacteria and 
can cause their rapid destruction. Further, since many pathogenic bac- 
teria ordinarily increase only locally (tetanus-bacilli, diphtheria-bacilli, 
cholera-spirilla) and after a certain time perish within the infected area, 
without spreading further through the body, it is very probable that the 
tissues of the body also contain substances which are poisonous for 
many pathogenic bacteria and prevent their spread. The phenomena 
observed in local infections speak also for the fact that such substances 
at times are formed in increased amounts or are aided in their action by 
newly-formed poisonous substances. It is, furthermore, probable that 
the crowding of cells which takes place in the infected tissue or in its 
neighborhood leads also to an increase in the production of these poison- 
ous substances, and may thereby hinder the spread of the bacteria; nev- 
ertheless, attention should be drawn to the fact that in many infections 
the spread of bacteria through the tissues comes to a standstill in places 
where there has been no crowding together of cells. It 1s also a fact 
that in many infections the spread of bacteria through the body by 
metastasis is either wholly wanting (tetanus, diphtheria) or at least is 
insignificant in comparison with the local infection, and is usually fol- 
lowed by relatively insignificant local changes. The explanation of this 
fact is to be sought, not so much in the assumption that local tissue- 
changes, through the formation of special chemical substances or through 
the aid of mechanicai substances or through the aid of mechanical hin- 
drances—such as that afforded by a wall of cells—hinder the entrance of 
bacteria into the lymph and blood, but much more in the fact that there 
are present in the lymph and blood itself certain forces which are able to in- 
jure and weaken the bacteria taken up into these fluids or to destroy 
them. 

The hostile action of the blood on bacteria has been ascribed to the 
phagocytic action of the leucocytes; and this theory is supported by the 
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fact that such a phagocytosis can be demonstrated very frequently in 
acquired infections or after the artificial introduction of bacteria into the 
blood; and, further, by the fact that the bacteria within the blood, en- 
closed in cells, may often be carried out of the blood-vessels and deposited 
in different organs—for example, the spleen, liver, bone-marrow, and 
the kidneys—and there destroyed or excreted from the body. These 
observations do not warrant the conclusion that phagocytosis forms a 
protection against the spread of bacteria in the lymph and blood; in- 
deed, in those very cases in which a transportation of bacteria through 
the blood does not take place, phagocytosis is also absent; while on the 
contrary, the entrance of bacteria into the blood, and the multiplication 
of the same inside of the blood-vessels, is very often accompanied or fol- 
lowed by phagocytosis. Here, again, phagocytosis is of the nature of a 
secondary phenomenon which occurs when there are present in the blood 
bacteria or protozoa, which like bland dust-particles are not able to pre- 
vent their being taken up into the bodies of the leucocytes—that is, they 
exert a positive attraction on the phagocytes. 

When bacteria are taken up by cells, they either die or continue to 
multiply inside of the cells, according to their properties and their con- 
dition at the time of the phagocytosis. 

The forces which are able to hinder the development of bacteria in 
the blood are believed by the majority of writers to depend upon the 
presence of antibacterial chemical substances, which belong to the 
albuminoid bodies, and are designated as the protective albuminoid 
bodies or alexins (Buchner) or mycosozins (Hankin). 

Emmerich and Buchner assume that the alexins of the blood are 
albuminoid bodies, having an action similar to that of enzymes, and 
therefore class them with the enzymes. This view finds acceptance 
with other authors. On the other hand, Baumgarten and Walz, as well 
as A. Fischer, oppose the view that there are chemically active pro- 
tective substances in the blood; and hold that the natural immunity of 
the tissues and blood against certain bacteria is dependent upon the fact 
that the bacteria do not find the necessary chemical conditions for their 
development and reproduction. 

So far as conclusions can be drawn from the behavior of the human 
and animal organisms in infectious diseases, we may assume that in the 
blood of man there are always present protective chemical substances, that is, 
alerins, particularly so against bacteria which never or only exception- 
ally enter the blood; and that others, on the contrary, are produced only 
during the course of an infection, so that not until a certain stage of the 
infection does an inhibition of the development of the bacteria, through 
the formation of antibacterial substances, occur. In favor of such 
hypothesis speaks the fact that many bacteria (typhoid-bacilli, cholera- 
spirilla, pus-cocci) possess at first their full virulence when distributed 
through the body by the blood, but later suffer a loss of virulence and 
finally die. 

The protection which the alerins of the blood afford the organism is 
restricted to certain diseases; that is, to those infections in which the 
multiplication of the bacteria is always confined to a limited area, or in 
which at least the transported bacteria suffer a marked decrease of viru- 
lence. Against many infections the peculiar degenerative action of the 
blood upon bacteria is either wholly wanting or, in case it is present, is 
easily overcome, especially so in those infections in which the bacteria 
increase in the blood itself (anthrax), as well as in those in which the 
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bacteria do not increase in the blood, but suffer no decrease of virulence 
after metastasis (tuberculosis, leprosy, infections with pus-cocci). 

The means of protection which the organism possesses against the 
poisons produced in the tissues by bacteria are to be found, first, in 
the possibility of a rapid excretion of the poisons by the kidneys, or, 
under certain circumstances, also by the stomach, intestine, and skin; 
and this action may in certain cases suffice to prevent a fatal poisoning. 
Further, in certain infections there is evidently an antagonistic action on 
the part of the organism, in the sense that certain poisons are either 
destroyed or neutralized through the action of counter poisons or 
antitoxins; or that the toxins and antitoxins combine to produce 
non-poisonous substances, or that the metabolic products of the tissues 
protect the latter from the action of the toxins. 


The antibacterial properties of the blood and lymph against certain bacteria have been 
demonstrated conclusively by the experimental investigations of various writers. 
These experiments have shown that the bactericidal action of the blood of a given ani- 
mal is exerted only upon certain forms of bacteria and never upon all; and that this 
action is subject to individual variations. 

According to the investigations of Fodor, Petruschky, Nuttal, Ogata, Buchner, Beh- 
ring, Nissen, Pansini, and others, the blood and the serum from dogs, rabbits, and 
white rats are capable of rendering the anthrax-bacillus harmless, and even of killing it; 
but this action is a limited one, so that after the introduction of a large number of the 
bacilli into the blood taken from the vessels, the bacilli after a time begin to multiply. 
Defibrinated blood of dogs and rabbits can destroy the cholera-spirillum and typhoid- 
fever bacillus; but, on the other hand, has no effect upon the different pus-cocci, and 
against proteus; the same is true also with regard to the blood-serum. Human blood 
or blood-serum can kill typhoid-bacilli, diphtheria-bacilli, and the bacilli of glanders. 
If the bactericidal properties be exhausted, these bacteria may grow luxuriantly in the 
blood or serum. Heating of the blood-serum to 55° C. deprives it of its bactericidal 
properties; the enzyme is destroyed (Buchner). 

Accordin B to Mozter, there are two substances concerned in the bactericidal action 
of the animal fluids; one of which disappears at a temperature of 60° C., while the 
other remains preserved. 

Baumgarten and Walz regard the fact that different bacteria which have been 
passed into the blood or blood-serum do not develop at all, or show but partial or de- 
layed growth and a great diminution in numbers when cultivated upon plates, as in no 
manner speaking for the presence of bactericidal substances in the blood. According 
to their view, the second transplantation into another culture-medium causes a disturb- 
ance of the processes of assimilation and osmosis. There arise in consequence plasmo- 
lytic changes in the bacteria present in the serum; during the pouring of the plates the 
already injured cells die from disturbances of assimilation. This view is also held, 
supported by experimental investigations, by A. Fischer. On the other hand, it is to 
be noted that A. and 2. Kossel have demonstrated that certain products of animal 
cells (nucleinic acid, protamine) possess bactericidal properties. 

Hankin, Kanthack, Denys, Ilahn, Töwit, and others assume, on the ground of ex- 
perimental investigations, that the alerins are produced by the leucocytes. Kossel holds it 
as possible that the nucleinic acid present in the leucocytes in relatively rich amounts 
plays a röle in the destruction of the bacteria. Noesske believes that the eosinophile 
cells of the bone-marrow in particular produce bactericidal substances. It is not possi- 
ble at the present time to draw a definite conclusion as to the part played by the color- 
less cells of the blood in the defence against infections. 

According to Bitter, the bactericidal substance found in organa—that derived from 
the lvmph-glands, spleen, and thymus—is to a certain extent different from that of the 
blood and the blood-serum, and therefore does not originate wholly in the blood. It is 
certain that the bactericidal action of the blood is not the only protective influence 
which can oppose the spread of an infection, or wholly prevent it, and confer im- 
munity. 

According to observations of Czaplerski, anthrax-bacilli in an infected organism, 
which have been taken up into leucocytes, degenerate as a rule more slowly than those 
lying free in the blood and tissue-juices. It appears, therefore, as if under certain con- 
ditions the cells afford to the bacteria which they enclose a certain degree of protection 
from the bactericidal substances of the tissue-fluids. 

The antitorins which render the bacterial poisons harmless are usually formed first 
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during the course of the infegtion; but, according to the investigations of Wasser- 
mann, Abel, Fischl, von Wunschheim, and others, the serum of healthy men also con- 
tains such substances. Serum which contains the antitoxin against a certain toxin— 
as, for example, that against the diphtheria-toxin—can be a good culture-medium for 
the given bacteria; the antitoxin does not destroy the bacteria. 
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$ 31. The healing-powers of the human body are furnished by those 
life-processes which are able to compensate for the disturbances and changes 
caused by disease, and to render harmless or to remove any harmful agent that 
may still be present in the body. If portions of tissue have been destroyed, the 
healing consists essentially in the removal of the changed and dead tissue, and 
its replacement by new tissue. 

When from any cause the temperature of the body becomes abnor- 
mally low or abnormally high, compensation may be effected in such 
a way that through the suitable regulation of the heat-production and 
heat-dispersion the temperature of the body may be brought back 
tothe normal. If through trauma a portion of tissue is destroyed, the 
organism may repair the defect either through the local production of 
new tissue (regeneration) or by a corresponding increase in other similar 
tissues (compensatory hypertrophy). 

If poisons enter the body and produce symptoms of intoxication, 
healing can follow only through the rapid excretion of the poison, or its 
destruction or neutralization within the body; while at the same time the 
damaged tissues, under the influence of normal nutrition, again return 
to their normal state, existing defects being properly compensated. 
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In infections the healing processes follow directly upon the action of 
the protective forces ; indeed, the action of the latter constitutes the first 
stage of healing; the protectire and healing processes are in part identical. 
If the alerins are able to hinder the development of bacteria, and if the 
weakened bacteria are dissolved and destroyed in the tissue-fluids, the 
first step in the healing process will have been accomplished, in that the 
causa efficiens has been removed. If the massing together of cells in the 
infected tissue forms a protecting wall against the spread of bacteria, or 
if the latter are held back in the lymph-glands and there destroyed, such 
phenomena are to be regarded as processes which prepare the way for 
the healing. Phagocytosis may also aid the healing-process. Ina similar 
manner the removal of the poisons or the bacteria which have gained entrance 
to the blood through the excretory organs, kidneys, liver, stomach, and 
intestine, not only acts as a protection against the further localization of 
the disease and against increased intoxication, but also makes possible, 
through the removal of the injurious agents, the restoration of the al- 
ready damaged tissues. 

In many infectious diseases the healing influence of protective sub- 
stances already present in the affected body is supplemented by the ap- 
pearance of new substances foreign to the normal organism, which as 
bactericidal substances and as antitoxins antagonize both the infection 
and the intoxication. These counter-poisons are formed either by the 
tissue-cells and the blood, which through the infection have been placed 
under altered conditions of life, or they have been formed by the bac- 
teria themselves; they spread throughout the tissue-juices, and thus hin- 
der the further extension and multiplication of the bacteria. 

The action of these anti-bodies consists either in the inhibition of 
bacterial growth or the destruction of the bacteria, or in the destruction 
and neutralization of the poisons produced by the bacteria, or in their 
combination with the latter to form inert, non-toxic substances. It is 
also possible (see § 32) that in certain infections they render the tissues 
insusceptible to the bacterial poison. 


The cause of the healing of tnfectious diseases is most frequently referable to the fact 
that chemical substances erert an antagonistic action against the intoxication, and that the 
bacteria are prevented from further development and so die out. It hus been demon- 
strated, however, that in many cases the bacteria may survive and probably also pro- 
duce poisons, which, however, are harmless because of the presence of the antitoxins. 
In individual cases the theory appears admissible that a lack of proper nutritive mate- 
ria] causes the death of the bacteria; as is perhaps the case in localized foci of infection 
(tuberculosis), in which the bacteria, enclosed in dead or slowly degenerating tissue, 
may remain fora long time without being able to escape to new tissues for food mate- 
rial. Further, such changes in the composition of the tissue-juices may be produced 
that the bacteria no longer find the proper conditions of nutrition. Finally, it is also 
conceivable that bacteria, from intrinsic causes within the bacterial cell itself, may no 
longer multiply, and so die out. 

According to the investigations of R. Pfeiffer, which have been confirmed by 
Sobernheim, Dunbar, Löffler, and others, the blood-serum of animals rendered immune 
to tvphoid-bacilli or cholera-spirilla, or that of human beings ill or convalescing from 
typhoid and cholera, contains, besides antitoxins, also a specific bactericidal substance 
(Iyamyenous substance of C. Fraenkel). This body possesses the power, when the serum 
is added to a virulent bouillon-culture, so to change the culture that the bacteria, when 
injected into the peritoneal cavity of experimental animals, rapidly break up into mi- 
nute globules and are dissolved. 

According to the investigations of Gruber, Durham, Pfeiffer, Kolle, Sobernheim, 
Widal, C. Fraenkel, and others, the blood-serum of individuals ill, convalescing, or en- 
tirely recovered from typhoid or cholera, exerts a damaging influence upon typhoid- 
bacilji. or cholera-spirilla respectively ; this influence being of such a nature that in 
bouillon-cultures the bacteria so affected become motionless, clump together, sink to 


110 HEALING POWERS OF THE BODY. 


the bottom of the vessel, and are destroyed. When the serum is added to a hangin 
drop of bouillon-culture, the rapidly-moving vibrios at once become motionless an 
collect in little heaps. Gruber believes that this phenomenon is to be explained by a 
swelling and bursting of the membrane of the bacterial cell, and assumes that this 
change enables the alexins to destroy the bacteria present in the body. He therefore 
designates the active substances in the serum as agglutinins, and believes that to these 
may be attributed the chief agency in the healing of infectious diseases and in the pro- 
duction of immunity against the same. Pfeiffer, on the contrary, denies the occurrence 
of any swelling of the cell-membrane, and explains the phenomenon as due to an in- 
hibition of development, and designates the active substances, the nature of which is 
wholly unknown, as specific paralysins. After Gruber had demonstrated the peculiar 
action of the blood-serum of typhoid fever patients, Widal (Sem. médicale, Paris, 1896) 
proposed that this action of the blood-serum on cholera-spirilla and ty phoid-bacilli be 
utilized as a diagnostic aid during the course of an attack of typhoid. The investiga- 
tions of C. Fruenkel, du Mesnil, and others have demonstrated that it is possible, during 
the course of the attack or fora long time (several months) afterward, that the diag- 
nosis of typhoid may be made from the action of the serum upon cultures of typhoid 
bacilli. 

Metschnikoff, Bordet, and others hold that the chief cause of healing from infectious 
diseases and of the acquiring of immunity (see § 82) is to be found in the activity of the 
leucocytes, which, according to their view, supply bactericidal substances to the body- 
juices and destroy the bacteria by taking them up into their cell-bodies. Phagocytosis, 
however, plays only a subordinate röle, since most of the bacteria are destroyed by 
the cells, only after they have been injured or killed by the bactericidal substances of 
the blood-serum and the tissue-juices. In many infections bacteria are indeed taken u 
by cells, but are not destroyed by them; on the other hand, they may find in the cell- 
protoplasm a soil favorable to their development. 

It has often been assumed that the fever occurring in infectious diseases is a pro- 
tective process favoring the destruction of bacteria; and it is not impossible that in 
individual cases it may exert such a favorable influence. Thus, for example, it is con- 
ceivable that a parasitic micro-organism, growing well at a temperature of 37-38° C., 
will not thrive at a temperature of 40-41° G.. so that high fever-temperatures may hin- 
der its power of reproduction. The conclusion should not, however, be drawn from 
this that fever is a useful phenomenon which always favors the counter-balancing of 
pathological disturbances. Even in those cases in which the metabolic processes occur- 
ring during the fever exert an injurious influence upon the bacteria, this is not to be 
taken as proving the usefulness of fever. We can only say that a part of the morbid 
processes occurring during an infectious fever leads to a formation of decomposition- 
products which may possess antibacterial or antitoxic properties. 
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Sec also $ 30 and § 32. 


ll. The Acquiring of Immunity against Infection and Intoxication. 
Protection through Inoculation. 


$32. The acquiring of immunity against a particular infectious 
disease is a phenomenon whose frequent occurrence has long been known 
through clinical observations. This fact has been established chiefly by 
the observation that the great majority of men suffer but one attack of 
such widespread infections as measles, smallpox, whooping-cough, scar- 
let fever, and diphtheria, and that after such attack they are spared by 
the disease, even when they expose themselves under the most varied 
conditions to the danger of infection with its poison. The knowledge of 
this fact is very old, and early in the eighteenth century it. had led, in 
the Orient, to attempts to obtain immunity against the natural contagion 
of smallpox by the inoculation of material from smallpox pustules. In 
the latter part of the eighteenth century Jenner discovered that. the dis- 
ease known as cowpox—i.e., a milder form of pox, which is either a 
special variety of disease closely allied to human smallpox or a weaker 
form of the latter—afforded protection against the true smallpox. As 
a result of this observation, since the beginning of the year 1796, at first 
by Jenner himself, afterward by the physicians of all civilized countries, 
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artifieial inoculations of cowpox have been carried out upon millions of 
human individuals, with the result that through such inoculation a high 
degree of immunity against the true smallpox has been secured to the 
inoculated; so that at the present time, in all countries where vaccina- 
tion is universally practised, the occurrence of widespread epidemics of 
smallpox, once so frequent, is very rare, and the disease no longer as- 
sumes the character of a dangerous pestilence. 

The investigations of the last decades with regard to the causes and 
origin of infectious diseases, which have covered such an extraordinarily 
broad field, have shown that the acquiring of immunity against a cer- 
tain infectious disease through one attack of the given disease oc- 
curs in different infectious diseases, especially in those running an acute 
course; and represents sometimes a transitory, at other times a per- 
manent peculiarity of the individual concerned, which in pregnant 
women may be transmitted to the foetus in utero. These observations 
have also shown that the single or repeated inoculation of attenuated 
pathogenic bacteria—that is, of bacteria which on account of their slight 
virulence produce a disease that, in contrast to the natural infection with 
bacteria of full virulence, is relatively insignificant, often localized to a 
limited area—can also confer immunity against the corresponding dis- 
ease. Further, it has been demonstrated that the injection of certain 
chemical substances produced by the bacteria is sufficient to confer 
immunity against certain infections. 

In explanation of the immunity acquired through an infectious 
disease or through inoculation, we are at the present time limited to 
hypotheses, yet it cannot be doubted that the last few years have brought 
great advance in our knowledge of the forces concerned in the produc- 
tion of such immunity, so that we at least know in what direction 
further researches should be made. 

After Pasteur had, in 1880, proved experimentally that chickens 
could be made immune against chicken-cholera through injections of 
attenuated chicken-cholera poison, and after it had been established by 
the investigations of different authors that similar results could be ob- 
tained in anthrax, symptomatic anthrax, and swine-erysipelas, it was at 
first believed that the acquiring of immunity could be explained by the 
fact that through the inoculation or the first attack of the given infection 
the food-material in the body had been exhausted (Pasteur, Klebs), so 
that bacteria entering the body later were unable to find food. This 
hypothesis, Known as the exhaustion-theory, cannot be brought into har- 
mony with the observed facts, so that it is now generally abandoned. 
Also the view of Metschnikoff, that the mesodermal cells become accus- 
tomed through the preventive inoculations, to the taking-up of the pre- 
viously untouched virulent bacteria, and quickly take them up and 
destroy them after repeated inoculation, can in no wise be regarded as 
an hypothesis based upon scientific foundations. 

According to the facts which have been ascertained by investigations 
concerning the natural protective powers of the body against infection, 
and the natural mode of recovery from infections, as well as the experi- 
ments made with regard to protective inoculation and the artificial heal- 
ing of infectious diseases, it is very probable that acquired immunity 
is dependent upon the presence of certain chemical substances which 
are either poisonous for the particular variety of bacteria concerned, or in 
some manner or other counteract the activity of the product formed by these 
bacteria (poison- theory). It is yet an unsettled question whether these 
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substances are products of the body-cells; further, whether the loss of 
toxic action of the toxalbuimns and toxins formed by the bacteria is due 
to a destruction of the same, or to the formation of inert combinations 
of these bodies, or to an immunization of the body-cells against these 
poisons. 

Some light with regard to these questions is given by our present 
knowledge concerning the different ways in which, not only in experi- 
mental animals, but also to a certain extent in man, an immunity against 
certain infectious diseases may be obtained. Further light is also ob- 
tained from experiments concerning the artificial healing of infections 
which have already begun to develop. As previously stated, it is possible 
to produce in animals, in harmony with the knowledge obtained through 
Jenner’s cowpox inoculation, an immunity through the inoculation 
of attenuated specific disease-germs; as, for example, in anthrax, 
symptomatic anthrax, chicken-cholera, diphtheria, swine-erysipelas. 

The weakening of the virulence of bacteria may be produced either 
by the action of high temperatures or chemical agents, or by the action 
of the air alone; further, it may also be produced by the inoculation of 
the bacteria into certain animals or through their long-continued culti- 
vation on artificial media. Inoculation is, in general, carried out by in- 
jecting subcutaneously first markedly attenuated, then less attenuated, 
and finally fully virulent bacteria together with their products. 

According to the investigations of numerous authors, immunity in 
animals may also be produced by the injection of sterilized cultures 
in which the bacteria are completely killed—as, for example, against 
American hog-cholera, symptomatic anthrax, diphtheria, the infectious 
disease produced experimentally in rabbits by the injection of the 
Bacillus pyocyaneus, and the infection produced in guinea-pigs by cholera- 
spirilla. It is probable that the immunizing substances are contained 
in the cell-substance of the bacteria (Brieger, Kitasato, Wassermann). 

A third form of artificial immunization, which Raynaud attempted 
as early as 1877 but was first securely established by Behring in 1890, 
can be produced by the injection into man or an experimental animal of 
blood-serum taken from animals which were previously susceptible, 
but have been rendered immune by means of inoculations. The most 
extensive and at the same time the most successful attempts thus far 
made have been carried out with diphtheria and tetanus ; that is, in dis- 
eases in which intoxication through toxalbumins forms the most striking 
feature. Moreover, successful experiments with the blood-serum of 
immunized animals, in the case of cholera, swine-erysipelas, anthrax, 
typhoid fever, and plague, have been reported. 

The specific protection which the blood-serum affords may be secured, 
not only by injection before infection occurs, but also after infection 
has already taken place; so that the serum may be designated not only a 
protective serum, but also a healing serum. For both protection 
against and for the cure of a certain infection a definite amount of serum 
is necessary, the precise amount depending, on one hand, upon the se- 
verity of the infection, and On the other, upon the activity of the serum 
itself, which increases with the completeness of the immunization of the 
originally susceptible animal furnishing the serum. If the serum is not 
injected until after infection has occurred, the amount of serum must be 
so much the greater the longer the lapse of time after the beginning of 
the infection. 

In the case of true bacillary diphtheria, the injection of curative 
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diphtheria-serum has now been carried out in thousands of cases, of 
both severe and light forms; and there is without any doubt a beneficial 
influence exerted upon the course of the disease, as shown by a rapid 
improvement of the patient’s general condition (rapid establishment of 
euphoria, fall of fever, improvement in the pulse), as well as by the 
favorable course pursued by the local disease. In tetanus a definite cur- 
ative action of serum has been demonstrated in the case of experimental 
animals, guinea-pigs, aud mice; but the results in man have not yet.been 
fully determined. 

The blood-serum of immunized animals exerts its beneficial action, 
without doubt, through the presence of a counter-poison, an antitoxin, 
which neutralizes the poisons produced by the bacteria. In the case of 
the patients treated by a given antitoxin, there is produced a poison- 
immunity against the corresponding bacterial poison—as, for example, 
against the poison produced by the diphtheria bacilli, in those patients 
injected with diphtheria-antitoxin—and this immunity is to be ascribed 
to the presence of a definite amount of antitoxin in the blood. 

The chemical nature of the antitoxins, whose occurrence in numerous 
infections and intoxications (diphtheria, tetanus, pneumonia, snake- 
poison, poisoning with ricin, abrin) has been demonstrated, is not 
known. Their mode of action may be explained either by the assump- 
tion that they destroy the specific bacterial poisons (Behring), or that 
they only render the tissues insusceptible to the action of the latter 
(Buehner, Tizzoni, and others), or finally, that they form in the blood 
and tissue-juices a chemical combination with the toxins which is not 
harmful to the cells (Ehrlich). 

Besides the antitoxins, the blood-serum of immunized animals or 
human beings may also contain bactericidal substances, which injure 
or kill the bacteria themselves; and this is said to occur especially in 
cholera and typhoid infections (R. Pfeiffer, Gruber, Durham) and in in- 
feetions with the pneumococcus (Emmerich). Emmerich assumes that 
these substances are of the nature of bacteriolytic enzymes. 

The origin of the immunizing substances in the blood is not yet 
known, and we are at present confined to hypotheses. It is probable 
that the bactericidal substances have not the same genesis as the anti- 
toxie. 

In the case of immunization by means of attenuated cultures or by 
sterilized chemical bacterial products, the antitoxic substance is pro- 
duced as a new body within the organism, and this process has been 
designated active immunization (Ehrlich); in the case of the injection 
of immunizing serum the antitoxin already formed is introduced from 
without, and this may be spoken of as passive immunization. It is 
probable that in the last case no new-formation of antitoxin occurs after 
the injection. 

It is most probable that antitorins are formed by the cells of the infected 
individual, according to Ehrlich’s view (see below) by those cells which 
are especially influenced by the toxin (in tetanus, for example, by the 
nerve-cells). The antitoxin is probably nothing more than an element 
of the cell-protoplasm, which has an especial relation to the given toxin, 
and, thrown off from the cell and dissolved in the blood, combines with 
the toxin to form a harmless body. The fact that the substance produc- 
ing the immunity is active only against the given infection may be ex- 
plained by the assumption that the individual toxins or toxalbumins 
possess the affinity, which is necessary to the production of an intoxica- 


THE ACQUIRING OF IMMUNITY: PROTECTIVE INOCULATION. 115 


tion, only for certain portions of certain cells; and that, therefore, 
following the intoxication, only the immunizing substances for the par- 
ticular poison are produced by the cells and given to the blood. 

By many writers it is believed that the anti-bodies, both bactericidal 
substances and antitoxins, are formed by the bacteria themselves, or that 
the bacterial cells furnish the material for these, in cultures as well as 
within an infected body (Buchner). 


For the foundation researches in regard to inoculation with attenuated cultures of 
bacilli cultivated outside of the body, we are indebted to Pasteur, who, in 1880, demon- 
strated the fact that chickens could be immunized against chicken-cholera through the 
inoculation of cultures of chicken-cholera bacilli, that had been weakened through long 
exposure to the air. 

Since that time numerous experiments have been carried out with other forms of 
bacteria, especially with attenuated cultures of the bacilli of anthrax and symptomatic 
anthrax. The best results have been obtained from inoculations against the symp- 
tomatic anthrax of cattle. Less favorable are the results in inoculations against an- 
thrax, in that some of the animals die from the effects of the protective inoculation, 
while others are not rendered absolutely immune against a new anthrax infection. 

Sheep and cattle may be made immune against anthrax ; most expediently (Hoch) 
by first inoculating them with attenuated cultures of anthrax-bacilli, which will kill 
mice but not guinea-pigs, and then with those which will kill guinea-pigs but not 
strong rabbits. 

As vaccine against symptomatic anthrax, there may be used cultures of the bacillus 
attenuated through heat or such chemical agents as sublimate solutions, thymol, 
eucalyptol, and silver nitrate; and by such inoculations cattle may be rendered im- 
mune. At the present time heat (J/ess, Kitt) is most commonly used in the preparation 
of the vaccine. The infected muscle of an animal dying with symptomatic anthrax is 
chopped fine, triturated with one-half its weight of water, and pressed through a piece 
of linen cloth. Finally, the fluid is again filtered through a moistened piece of fine 
linen. The virulent material is then spread in thin layers upon glass plates or flat 
dishes, and transferred to a dry chamber at a temperature of 32-35’ C. When thor- 
oughly dry the virus is scraped off and removed in the form of powder. When it is 
desired to give inoculations, the virus is triturated with double its weight of water and 
the fluid evaporated in a thermostat. By raising the temperature to 100° C. for six 
hours a weak vaccine is obtained; at a temperature of 85° C. for six hours a stronger 
one. For the immunization of cattle, about 0.5 gm. of the weaker virus in a dilute 
water solution is injected into the subcutaneous tissue of the animal’s tail, and after 
eight to twelve days the stronger solution is similarly injected. 

According to observations of Chaurean and others, protective inoculations may also 
be made by the injection of virulent bacteria in very small quantities, or in sucha 
manner that the life of the animal shall not be endangered. In the case of sympto- 
matic anthrax this may be accomplished by the injection of very small doses into the 
extremity of the animal's tail; such injections not causing a fatal illness, but only a 
local disturbance. 

According to Afanassieff, it is possible to render animals immune by inoculating 
the granulating surface of a wound with a virulent culture. 

Cattle may also be immunized against contagivus pleuropneumonia (Schütz) by in- 
jecting the tissue-juices from the lung of an animal dying from this disease into the 
tip of the tail, There is produced in this way a circumscribed inflammation, or, at 
least. one which is confined to the tail; after recovery from which the animal is im- 
mune to both natural and artificial infection with this disease. 

Hogs may be rendered immune against inoculation with virulent bacilli of sirine- 
eryripelas (Pusteur), by using, as vaccine. cultures attenuated by successive inocula- 
tions in rabbits. According to Emmerich, rabbits may also be made immune against 
the bacilli of swine-erysipelas through the injection into the car-vein of a small quan- 
tity of a virulent bouillon-culture diluted with fifty times its volume of water. 

Animals susceptibie to diphtheria may be rendered immune against this disease, 
according to Behring, by the injection of cultures of diphtheria-bacilli which have been 
weakened in virulence by exposure for sixteen hours to iodine trichloride (1:500). Two 
cubic centimetres of such a culture is injected into the peritoneal cavity; after three 
weeks this injection is repeated with a diphtheria-culture (0.2 c.c.) which has been 
washed four days in bouillon containing iodine trichloride (1:5,500). After this, fully- 
virulent cultures are injected in increasing doses. 

Rabbits may be rendered immune against pneumococci (Emmerich) by injections 


116 THE PROTECTIVE FORCES AGAINST INFECTION. 


of 0.3 c.c. of a strongly-virulent bouillon-culture which has been diluted five thousand 
times, followed later by injections of bouillon-cultures of full virulence. 

Protective inoculations against rabies were first carried out in cases resulting from 
bites by rabid animals, particularly in France (Pasteur Institute), Russia, and Italy. 
As inoculation-material, the spinal cord from rabbits which have been infected with 
rabies is used after it has been dried in dry air at a temperature of 23-25° C.; the viru- 
lency of the cord being gradually lost after about fifteen days of the drying-process. 
According to Protopepoff, it is the temperature, and not the drying (Pasteur), which 
lessens the virulence. According to Marz, the micro-organisms of rabies have already 
been weakened in the body of the rabbit. Small portions of a rabbit’s cord thus weak- 
ened in virulence are triturated in sterilized chicken-broth and injected subcutaneous! 
into the bitten individual; at first pieces of cord greatly reduced in virulence are used, 
then those of gradually increasing virulence. According to the view held by Pasteur, 
the spinal cord contains both the microbes of the disease and the specific poison formed 
by them; if the latter spreads through the body more rapidly than the microbes, it con- 
fers an immunity against a subsequent spread of the microbes, and affords protection 
to the nervous system in particular. In order to confer immunity it is, therefore, 
necessary to introduce as large a quantity as possible of the chemical poison. Accord- 
ing to the reports of the Institutes in which the Pasteur inoculations against hydro- 
phobia have been carried out, it must be acknowledged that these inoculations have 
been successful in preventing cases of hydrophobia. 

Immunity against cholera may be produced, in both man and animals (Haffkine, 
Pfeiffer, Kolle, Voges, and others), by the injection of sterilized or attenuated cultures 
of cholera-spirilla; this immunity (which is of short duration) depends upon the forma- 
tion of specific buctericidal anti-bodies in the blood (see Voges, 1. c.). On the other hand, 
we do not yet possess a specific remedy by which the life of any animal or man in- 
fected with cholera may be saved. ‘ 

Immunity against typhoid ferer may be secured in man by the subcutaneous injec- 
tion of sterilized cultures of typhoid-bacilli (Pfeiffer, Kolle); and the establishment of 
the immunity may be recognized by the fact that the blood-serum of the individual so 
inoculated is found, after a few days, to contain bactericidal substances. Attempts at 
immunization in cases already ill with typhoid (Brieger, Wassermann, C. Fraenkel) 
have up to the present time been unsuccessful. 

According to the reports published by Aoch (British Medical Journal, 1897; Deut. 
med. Wochen., 1897, No. 16; Centralbatt f. Bakt., xxi., p. 526) of the investigations 
which were carried out during the winter of 1896-1897 with regard to the cattle-plague 
in Cape Colony, cattle may be immunized against “ Rinderpest” by subcutaneous in- 
jections of 10 c.c. of the bile taken from animals dying of the disease; the condition of 
Immunity becoming established at the latest by the tenth day. According to the re- 
port of Professor Winkler (“ Landwirthschaftl. Bezirks-Verein Giessen,” August, 1900) 
hogs and cattle may be immunized against mouth-and-hoof disease through feeding with 
milk of animals which are affected by the disease or have recently recovered from it. 

In the year 1890 Avch made the discovery that cultures of tubercle-bacilli contain 
a toxin, “tuberculin,” which, when injected into tuberculous individuals, causes a rise 
of temperature and to some extent local inflammatory changes in the neighborhood of 
tuberculous foci. It was at first hoped that in tuberculin a remedy for tuberculosis had 
been found, but the many trials made with it upon human beings and animals have 
shown that it indeed produces after repeated injections an immunity against the toxic 
action of tuberculin but does not hinder the multiplication of tubercle-bacilli and the 
consequent spread of the disease. Further, the local inflammation caused by the tuber- 
culin leads to favorable results only under special conditions, but, on the other hand, 
often causes actual harm (through the metastasis of bacilli). Nevertheless, Koch’s dis- 
covery has proved of great importance. In the first place, it is of practical value in 
the diagnosis of tuberculosis, in that tuberculin injections do not excite fever in normal 
individuals. Inoculations for diagnostic purposes are now used very extensively in 
cases of suspected tuberculosis in domestic animals. Moreover, the reports published 
by Aoch gave a great stimulus to further investigations with regard to immunization 
by means of inoculation with bacterial toxins; and these investigations have led to the 
discovery of the antitoxins of diphtheria, tetanus, cholera, and typhoid fever. 

Muragliano has recently attempted to obtain a healing-serum against tuberculosis 
by the inoculation of experimental animals (donkey, dog, horse) with the toxins de- 
rived from cultures of tubercle-bacilli. The observations thus far made do not war- 
rant the conclusion that this serum possesses the power to cure tuberculosis in the 
human being. In 1897, Aoch (“Ueber neue Tuberculinpraparate,” Deut. med. Woech., 
1897) succeeded in obtaining from highly virulent cultures of tubercle-bacilli a substance 
which he claims is able to immunize against all of the constituents of the tubercle- 
bacillus. To obtain this substance young cultures of tubercle-bacilli are dried ina 


THE ACQUIRING OF IMMUNITY: EHRLICH’S HYPOTHESIS. 117 


vacuum-exsiccator and then triturated. The product obtained by trituration is mixed 
with distilled water and centrifugated. The active substance is contained in the muddy 
precipitate thus obtained (designated by Koch as T. R.). This is again dried and tritu- 
rated, disso) ved in water to which twenty per cent of glycerin is added for the purpose 
of preservation. (The preparation is manufactured by Meister, Lucius, and Brünning, 
at Höchst-on-the-Main, Germany.) The fluid preparation contains 10 mem. of solid 
substance in every cubic centimetre, and when it is to be used should be diluted with 
physiological salt solution. Through the use of large doses animals are said to become 
unized in from two to three weeks. In the treatment of tuberculosis in man the 
dose should begin at „4; mgm. and gradually be increased up to 20 mgm., the injections 
being given every other day. According to the observations so far published, the T. R. 
preparation does not appear to exert a curative action upon tuberculosis in man. 

Very recently Yabe has reported that there may be obtained from cultures of 
tubercle- bacilli a substance (tuberculo-bactericidin) which has a bactericidal action; but 
no definite conclusions can be drawn from the published results of his experiments. 

The blood-serum treatment of diphtheria, i.e., the employment of the antitoxins con- 
tained in the blood of an animal immunized against diphtheria as a means of curing 
that disease when it is already contracted, or as a protection against such infection, is 
a discovery which we owe to Behring. The favorable effects of the method discov- 
ered and proved by him through experimental investigations have been contirmed by 
thousands of observations. In the treatment of diphtheria patients a large quantity of 
the serum (one thousand immunizing units) is usually injected at one time beneath the 
skin of the thigh. 

The term “normal serum "—i.e., a serum having the value of one immunization 
unit—is used by Behring to designate a serum which, when mixed with a quantity of 
diphtheria poison equal to ten times the minimal fatal dose and then injected in the 
amount of 0.1 c.c. into a guinea-pig of from 200 to 80U gm. weight, will surely protect 
that animal from diphtheria. Sheep and horses are especially adapted for the prepara- 
tion of the serum. It is prepared and sold in doses of from five hundred to three thou- 
sand immunization units. 

If culture-filtrates of the tetanus-bacillus are weakened by the action of chemical 
agents (iodine trichloride or iodine combined with potassium iodide), it is possible 
through repeated injections of such filtrates of increasing virulence to produce im- 
munity in animals against tetanus (Kitasato, Behring, Tizzoni, Buchner). he blood of 
such immunized animals contains an antilorin which affords a sure protection to erperi- 
mental animals aguinst tetanus. The antitoxin treatment of human beings suffcring 
from tetanus has not given satisfactory results (see Aohler and Schlesinger, |.c.), not 
even in cases of relatively early injection of the antitoxin, though it appears to be 
effective if administered before the appearance of the tetanus. 

Susceptible animals and human beings may be immunized against bubonicgplugue 
by means of sterilized cultures of the pest-baciilus (Fersin, Hajfkine, Holle); and it ap- 
pears that in the blood-serum of immunized animals (the horse, for example) there are 
present anti-bodies which render the serum utilizable for both protective and curative 
purposes. 

Animals may be made immune against snuke-poisons by means of inoculations of 
very small doses of such poison continued for some length of time (Calmette, Tschisto- 
witerh); and the blood-serum of such immunized animals is also found to possess an 
antitoxic action against the given poison, so that it may be used as a healing-serum. 
In Brazil, Mexico, Africa, etc., various methods involving the use of suake-poison 
itself are employed for the immunization of individuals against a snake-bite, or for 
curing them after they have been bitten (drinking of the secretions of the poison- 
giands, rubbing of the diluted poison into small wounds of the skin, etc.) (Brenning). 

According w the investigations by Khrlich, mice may be made immune against 
ricin, to which they are extremely susceptible, by mixing very small doses of ricin 
with their food and then afterward injecting additional small doses subcutaneously. 
The appearance of the immunity occurs on the sixth day after the administration of the 
ricin, so that upon this day the animal can withstand a dose thirteen times as great as 
at the beginning. Through continued systematic inoculations the animal becomes 
immune to a dose eight hundredfold as strong. The immunity is produced by an anti- 
toxic body, antiricin, which neutralizes the poisonous action of ricin. 

Though not giving definite information regarding the processes which lead to the 
acquiring of immunity, the hypotheses of Ehrlich are well qualitied to give au explana- 
tion for the observed processes, and possibly correspond to the actual conditions. 

According to Ehrlich’s view, only those substances are poisons which possess a 
chemical relationship with some constituent of the body, and, through combination 
with the same, cause an injurious effect recognizable clinically (toxophorous relation- 
ship). The natural immunity of an individual can, therefore, depend upon the fact 
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that the poison finds in the immune body no clement with which it can effect a chem- 
ical combination, or that the body-element so combined suffers no injury in a clinical 
sense. 

Antitoric immunity can be produced either through the introduction of weak doses 
of toxin or through the injection of a serum containing antitoxin. The first is an ac- 
tire immunization, in that the organism itself forms the toxin; the second is a passive 
tmmunization, in that the antitoxin is injected already prepared, so that immunity is at 
once produced. The active immunity can persist for years; the passive, on the con- 
trary, is usually lost after a few weeks or months at the farthest. 

An untitorin is a cell-product which arises as a result of disease of the organism, 
and is given off into the blood. In passive immunity the body-cells are not active, the 
injected antitoxin is sufficient to neutralize the toxin. Antiricin, when added in a cer- 
tain amount to a ricin-solution, lowers the power of ricin to agglutinate red blood-cells 
in undiluted or in diluted blood. The same mixture also renders ricin harmless for 
animals. 

The torin is not destroyed by the antitorin. If snake-venom be mixed with the anti- 
toxin ((ulmette), so that the mixture is harmless for animals, and if the antitoxin, which 
is the more sensitive to heat, be destroyed by warming the mixture to 68° C., this again 
becomes puisonous, A similar fact has been demonstrated in the case of the toxin and 
antitoxin of the Bacillus pyoeyaneus ( Wassermann). 

The torin becomes harmless through tts union with the antitorin to form a harmless 
chemical combination. 

The antitoxin produced in the body in cases of active immunization does not arise 
from the toxin. The poisons forming antitoxins show, in contrast to other poisons, 
certain peculiarities, which consist essentially in that they possess chemical affinities 
for certain elements of the cells, the “side-chains.” The complicated protoplasmic 
bodies possess (as does the benzol ring), besides the “governing nucleus” or “central 
group,” a great variety of such “ side-chains.” It may be assumed that certain sub- 
stances influence certain side-chains, enter into chemical combination with the same, 
and through the medium of these side-chains affect the central chain and thereby dam- 
age the vital capacity of the cells. If thereby the life of the cell and with this its 
capacity for compensation are not damaged, if there occurs only a functional disturb- 
ance but no definite injury to the central group, the cells may restore the side-chains, 
even build up new ones in excess, which may be thrown off and given to the blood, 
the side-chains thus given off constituting the untitorin. The antitoxin is therefore no 
new substance, but one occurring normally, which under certain conditions is pro- 
duced in an increased amount, giren over to the blood, and tn the circulation combines the 
toxins entering the blood into harmless bodies, and thus prevents the action of the 
toxins upon the cells. As expressed in the words of Behring: “The same substance in 
the living body, which lying in the cells is the hypothetical essential to an intoxica- 
tion, becomes the cause of healing when it is found in the blood.” 

Ehrlich’s hypothesis is without doubt well adapted to explain the phenomena of 
antitoxic immunity. It has been supported by recent observations of different authors. 
Wassermann has found that the substance of the central nervous system which is espe- 
cially affected in tetanus is able to combine the tetanus poison after the manner of an 
antitoxin and to render it harmless. Tetanus-poison, when mixed with the triturated 
brain-substance of a healthy guinea-pig, becomes so weakened that guinea-pigs can 
bear without harm a dose equal to ten times the fatal dose. 

Ransom and Marie obtained the same results. The former also showed that the 
poison of tetanus, wuen injected in fatal doses into doves, could be demonstrated in all 
organs with the exception of the central nervous system, in which it had entered into 
combination with chemical elements. 

Ehrlich’s hypothesis has been attacked especially by Rour, Borrel, Metschnikoff, 
and Avorr, but their observations may be brought into harmony with the hypothesis 
(see Weigert, l.c.). 

Buetericidal immunity depends chietly upon the presence of newly-formed immune- 
bodies, which are able to withstand heating to 56-60° C., and, wholly specific in their 
action, are directed against the variety of bacteria corresponding to the immunization 
(R. Dieter and others). 

hese immune bodies exert their influence under certain conditions; according to 
the view held by Bordet, Ehrlich and Morgenroth, con Dungern, and Wassermann, their 
activity is dependent upon the addition of a thermolabile ferment-like substance, which 
is found even in normal blood-serum (according to Bordet, the alerin of Buchner, the 
arldiment or complement of Ehrlich). 

Of exactly the same composition as the bactericidal are also the corresponding 
globulicidal immune-sera (specific hemolysins), which are produced by the introduction 
of blood into the body of an animal of a different species (Bordet, von Dungern, Land- 
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steiner); in this case also the action of the immune-serum depends upon the presence of 
two substances—the tmmune-body produced through the immunization, and the comple- 
ment already present in normal blood-serum. Hikrlich and Morgenroth have further 
explained the mechanism of these processes by means of experiments at combining 
these substances. The immune-body shows great specific affinity for the correspond- 
ing erythrocytes; it combines with these even at 0° C., and, thus separated from the 
complement remaining in the serum, is nevertheless not able to dissolve the blood- 
corpuscles by itself. The complement will not be combined by the blood-cells without 
the immune-body. If the latter is present at the same time, the complement is taken 
at higher temperatures out of the serum by the erythrocytes, whereby the solution of 
the red cells takes place. 

Ehrlich and Morgenroth explain this by the assumption that the complement, which 
represents the active substance proper, 7a curried over to the erythrocytes by means of the 
srummunetovdy. This conclusion accords very well with the side-chain theory. The tm- 
mune-budy is a side-chain, which, produced in excess, is thrown off into the blood. To 
the production of the immune-body a certain molecule-group of the erythrocytes gives 
occasion, and this group is indeed the same which in hemolysis enters into combination 
with the immune-body (ron Dungern). The immune-bodies are distinguished from the 
analogous antitoxins only in that they are more complex; they possess, besides the 
haptophorous complex which has a chemical affinity for the corresponding complex of 
the proper erythrocytes, yet another haptophorous group, which is able to combine the 
complement. Corresponding complementophile side-chains may also be demonstrated 
in the organs; the most varied kinds of tissue-cells are able to take out the complement 
from the blood-serum (von Dungern). 

In the reaction of immunity the immune-bodies are produced exclusively ; the com- 
plement is not increased beyond the amount required (von Dungern). 

The property of many normal sera to dissolve foreign blood-cells is dependent, ac- 
cording to the investigations of Hhrlich and Morgenroth, exactly as in the case of the 
immune-sera, upon the joint action of two substances. Many times there can also be 
demonstrated, besides the complement, an “intermediary body ” corresponding to the 
immune-body (the complement is therefore not wholly to be identified as Buchner's 
alexin, which embraces both substances). 

In an analogous manner to that produced against bacteria and red blood-cells, a re- 
action of immunity may occur against other cells when introduced into a strange 
organism—for example, against ciliated epithelial cells (von Dungern), against sperma- 
tozoa (Landsteiner, Metschnikoff, Moxter), against leucocytes (Metschnikof and others). 
The immune-sera obtained in this manner act, in so far as they have been studied (con 
Dungern, Morter), according to the same mechanism as the hemolytic and bactericidal. 

The reaction of the animal organism, which hinders or makes impossible the life of cells 
Joreign tv it, is manifested not only upon bacteria but upon all possible forms of life foreign 
fo it. According to the investigations of Ehrlich und Morgenroth, the same reaction 
may occur even against blood-cells of the same species. After intraperitoneal injection 
of laked blood of the same species, the blood-serum of a given species acquires the 
power to dissolve the red blood-cells of another individual of the sume species (isolysin). 
An autolysin has, on the other hand, not yet been observed. The latter could indeed 
not exist in the blood; it would be combined with the corresponding side-chains of the 
cells (receptors) and occasion the production of an antiautolysin. 

The acquired specific immunity against the causes of infection is, therefore, to be 
referred to the general law of the formation of anti-bodies. 
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CHAPTER IV. 


Disturbances in the Circulation of the Blood and of 
the Lymph. 


I. General Disturbances of the Circulation Dependent upon Changes 
in the Function of the Heart, Changes in the General Vascular 
Resistance and Changes in the [lass of the Blood. 


§ 33. The mass of blood is kept constantly in motion by means of the 
rhythmical contractions of the auricles and ventricles of the heart. The 
blood, as it is driven into the elastic tube of the aorta toward the periph- 
ery of the body, meets a significant degree of resistance, which is caused 
by the friction in the innumerable divisions and subdivisions of the 
arterial system. This resistance occasions a relatively high pressure 
throughout the entire arterial system, which in the human femoral artery 
equals that of about 120 mm. of mercury. After passing through the 
capillaries the blood arrives in the veins with very little velocity, and 
stands in the veins under a very slight pressure, which varies according 
to the location of the vein, and is greatest where a high column of 
blood rests upon the lumen of the vein. In the great venous trunks in 
the neighborhood of the thorax the pressure is usually negative, espe- 
cially during inspiration, as the thorax during this stage of respiration 
aspirates the blood from the veins lying outside of the chest. Only dur- 
ing forced expiration does the positive pressure in the veins rise some- 
what higher. 

Assuming the mass of the blood to be constant, the degree of pressure 
within the aorta, at any given moment, is dependent upon the work of the 
heart and the resistance in the arterial system. The latter in turn is 
dependent upon the variations in the total diameter of the combined 
cross-sections of the blood-vessels, due to the elasticity and contractility 
of the arteries. In the major circulation the arterial tone is very pro- 
nounced ; in the lesser circulation it is slight, the blood-pressure in the 
pulmonary artery being only from one-third to two-fifths that in the 
aorta. Both the heart and the arteries are under the influence of the 
nervous system, which regulates their activity. 

The activity of the heart consists in rhythmical contractions of its 
musculature; and its normal efficiency presupposes that the heart-mus- 
cle, and also the cardiac ganglia, are sound. Every disease of the heart, 
therefore, in so far as it diminishes the contractile capacity of the heart- 
muscle and lessens the activity of the ganglion-cells, and in so far as a 
lessened functional activity of certain parts of the cardiac muscle is not 
compensated by an increased activity of other parts, will diminish the 
functional capacity of the heart. 

In many cases in which the functional capacity of the heart-muscle 
is impaired, certain anatomical changes, such as fatty degeneration and 
necrosis of its cells, can be demonstrated; in other cases no anatomical 
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changes can be made out, especially in those cases in which the diminu- 
tion of working-capacity follows the exhaustion caused by excessive 
overexertion. This may occur when the heart is forced to work for 
some time only slightly above the normal, but under unfavorable condi- 
tions, as, for example, in cases of elevation of the body-temperature; as 
well as in cases when for a short period it is overworked to an excessive 
degree. Under certain conditions disturbances of nutrition and intoxi- 
cations, such as occur in the infectious fevers, as well as a sudden 
diminution in blood-supply from the obstruction of a coronary artery, 
may cause an insufficiency of the heart within so short a time that the 
heart-muscle presents no recognizable anatomical lesion. The work of 
the heart may also be made difficult at times through the formation of 
adhesions between the epicardium and pericardium, and between the lat- 
ter and the contiguous pleura, in consequence of which the contractions 
of the heart are hindered. 

Through the collection of fluid in the pericardial sac in the course 
of certain diseases, further, through marked deformities of the thorax 
causing an abnormal smallness of the thoracic cavity, and through a high 
position of the diaphragm, the diastolic dilatation of the heart and the 
free afflux of blood from the veins may be hindered to such an extent 
that the ventricles receive too little blood. If, following pathological 
processes in the heart-valves, there result rents or distortions of the flaps 
or adhesions between them, or if in case of dilatations of the heart and 
the valvular orifices the valve-flaps become relatively too short, there 
may arise those conditions of the auricular and ventricular orifices known 
as insufficiency and stenosis. The former condition is characterized by 
a failure of a valve to close completely during the diastole of the auricle 
or ventricle lying behind the given valve; the second condition, by the 
fact that during the contraction of the auricle or ventricle the valvular 
orifice does not suffice for the passage of the blood through the opening. 
The effect of a stenosis is that of opposing additional obstacles to the out- 
flow of the blood during systole. In aortic and pulmonary insufficiency 
the blood regurgitates, during the ventricular diastole, back from the 
great vessels into the ventricles; in mitral and tricuspid insufficiency the 
systole of the ventricle causes a regurgitation into the corresponding 
auricle. 

Finally, there are not infrequently formed in the heart masses of 
coagula, which under certain conditions—in case they lie near the orifices 
—ınay on the one hand interfere with the proper closing of the valves, 
or on the other cause a narrow ing of the ostium. 

As the result of all the above-mentioned pathological conditions, the 
efficiency of the heart’s function is impaired, so that in a given time 
too little blood passes into the arterial system, the aortic pressure conse- 
quently falls, and the velocity of the blood-current is diminished; while 
in the venous system the blood collects more and more, and the venous 
pressure rises. There is consequently an inadequate filling of the arteries 
throughout the entire body, varying, indeed, according to the degree of 
contraction maintained in individual arterial systems, while both veins 
and capillaries are, on the other hand, ov erfilled with blood. There 
develops, therefore, a condition of general venous hyperemia, which 
in some parts may become so marked that the tissue, because of the en- 
gorgement of the capillaries with venous blood, acquires a blue-red, cya- 
notic appearance. When the difference in pressure between the arterial 
and venous systems becomes reduced to a certain minimum, the circula- 
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tion comes to a standstill, while the right side of the heart becomes 
greatly distended with blood. 

Should the contractions of the heart from any cause become weak and 
imperfect, the pulse-wave also becomes small. If the rate of the heart- 
beat becomes diminished in frequency, the arterial system empties itself 
to a greater extent than normally during the pause between the systoles. 

If the impairment of cardiac efficiency involves the left heart essen- 
tiall;-, as is the case, for instance, in valvular disease of the left side, the 
disturbance of circulation is manifest first in the systemic arteries, as 
well as in the pulmonary vessels. 

In stenosis of the aortic valves, the arteries, if the heart’s action re- 
main unchanged, fill but slowly and incompletely (pulsus tardus). In 
aortic insufficiency a normal or even an increased amount of blood is 
thrown into the arteries during systole (pulsus celer), but a part of this 
flows back again during diastole. In both cases the left ventricle be- 
comes more and more distended, the emptying of the left auricle is hin- 
dered, its cavity also becomes dilated, and finally the blood is backed up 
in the pulmonary veins. Owing, however, to the low pressure in the 
pulmonary circulation, the blood is readily dammed back upon the right 
ventricle, and the blood stasis may finally extend beyond this into the 
right auricle and into the systemic veins. 

Valvular lesions at the mitral orifice produce similar effects upon 
those portions of the circulatory apparatus lying behind the left auricle, 
as in such cases there is produced also a condition of pulmonary stasis, 
with a rise of pressure in the -pulmonary arteries and veins; while the 
left ventricle either receives too little blood (stenosis) or during its con- 
traction drives a portion back into the auricle (insufficiency ). 

In valvular lesions of the orifices of the right heart the damming back 
of the blood is limited to the veins of the systemic circulation, while in 
the pulmonary circulation both pressure and velocity are diminished. 
Further, the pressure in the aorta also falls, since the left side of the 
heart receives too little blood. 

The damming back of the blood in the great systemic veins may 
manifest itself by renous pulsations in the neighborhood of the thorax, in- 
asmuch as retrograde waves of pressure proceeding from the heart may 
pass through the veins toward the capillaries, distending the veins to 
such an extent that the venous valves, particularly those of the jugular 
bulb, are rendered inadequate. The essential condition of the transmis- 
sion of the venous pulsation is the insufficiency of the venous valves. 
In the case of imperfect function of the valve in the jugular bulb, a 
slight pulsation may be observed even during normal action of the heart ; 
but when the veins are distended, and particularly in the case of tricus- 
pid insufficiency, the pulsation becomes much stronger and extends 
further toward the periphery. If the tricuspid is adequate the venous 
pulsation (presystolic) is only the expression of the rhythmical occur- 
rence of a hindrance to the outflow of blood from the veins (negative or 
normal venous pulse). In tricuspid insufficiency the contraction of the 
right ventricle forces blood back through the tricuspid opening into the 
right auricle and into the veins beyond, giving rise to a systolic venous 
pulsation (positive venous pulse). 

If in a heart affected with a valvular lesion the chambers lying be- 
hind the lesion become distended with blood, the muscular walls of these 
chambers, in case they are otherwise normal, may by an increased ac- 
tivity compensate for the valvular lesion within certain limits. In the 
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course of time there results an increase in the volume of the heart-mus- 
cle, a hypertrophy of the heart-muscle, which enables the heart to carry 
on its increased work for an indefinite period. Such compensation fre- 
quently becomes inadequate, with the result that the aortic pressure is 
permanently lowered, while the venous pressure, on the other hand, is 
abnormally high. There is, at the same time, the danger that the heart- 
muscle may in time become exhausted, or that a very slight illness may 
render the heart insufficient. Thus, for example, a prolonged quicken- 
ing of the heart’s rate, by shortening the diastolic periods of rest, may 
cause cardiac exhaustion and insufficiency. Arrest of the heart's action 
finally follows, with great accumulation of blood in the heart, since the 
heart is no longer able to drive onward the mass of blood entering it. 

An increase of the heart’s action—that is, an increase in the fre- 
quency of the heart's contractions, these at the same time remaining 
strong and complete—causes an increase in arterial pressure and an in- 
creased velocity of the blood-current. When increased demands are fre- 
quently made upon the left side of the heart—as frequently happens in 
heavy bodily labor, conditions of luxurious living, abnormal irritability 
of the cardiac nerves, ete.—the left ventricle may become hypertrophic 
and act permanently with greater force. Inasmuch asthe quickening of 
the blood-stream causes the right heart to receive a greater amount of 
blood during diastole, a hypertrophy of the right ventricle is usually 
found in connection with the hypertrophy of the left ventricle. 

Lessening of the mass of blood or general anemia from the loss of 
blood leads temporarily to a fall of pressure in the aorta; but if the loss 
of blood was not excessive, the blood-pressure rises again, as the vessels 
adapt themselves to the changed conditions, and, as the result of the 
stimulation of the vasomotor centre through local ansemia, show a 
greater degree of contraction. Under normal conditions the mass of blood 
is quickly increased through the absorption of fluids, and later by a re- 
generation of the blood. Similarly, in anhydremia—i.e., a diminution 
of the water of the blood—the arterial pressure is lowered and the blood- 
current slowed. After severe hemorrhages the arterial pressure is low- 
ered for a greater length of time, the circulation is slowed, and the pulse, 
because of the lessened stimulation of the vagus-centre (Cohnheim), is 
frequent and small. 

In the case of lasting diminution of the blood-mass—i.e., the condi- 
tion known as chronic anemia, which oceurs under varying conditions 
—the vaseular system is imperfectly filled, the blood-pressure lowered, 
and the blood-eurrent slowed. Both heart and blood-vessels adapt them- 
selves to the new conditions and become diminished in volume. In the 
case of a marked deficiency of hemoglobin, degenerations of the heart- 
muscle, particularly fatty degeneration, frequently occur. 

Increase in the mass of the blood, through the injection of blood or 
salt-solution into the blood-vessels, is followed in animals by only a tem- 
porary increase in pressure and in the velocity of the blood-current. A 
return to the normal is brought about, partly by the dilatation of a part. 
of the vascular system, particularly in the abdomen, and partly through 
the elimination of the surplus from the vessels. If the mass of blood, as 
the result of some especial predisposition or of high living, comes to 
stand in an abnormally high porportion to the body-weight, if there 
exists a permanent plethora, the pressure in the aorta becomes perma- 
nently raised, the work of the heart is permanently increased, and there 
develops a corresponding hypertrophy of the heart. 
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§ 34. Increase of the general vascular resistance may occur in 
either the greater or the lesser circulation, and results in an increased 
pressure behind the point of increased resistance, and a diminished press- 
ure beyond it. 

In the systemic circulation the hindrance may lie either in the main 
vessel, the aorta, or in the arterial branches, whose degree of contraction 
maintains and governs the normal pressure in the aorta. Vascular con- 
traction involving a great number of arteries and their branches, and 
sufficiently well marked to increase the blood-pressure, is generally a 
temporary phenomenon, passing off with the relaxation of the arterial 
tension. Nevertheless, a permanent increase in the aortic pressure with 
consequent hypertrophy of the left ventricle does occur; and this cannot 
be explained otherwise than as the result of the contraction of the lumen 
of the smaller arteries. Transitory arterial contraction and increase of 
pressure occur particularly through an increase of the amount of car- 
bonic acid contained in the blood. A permanent increase of aortic 
pressure is, on the other hand, a result of chronic diseases of the kidney, 
in which the secreting parenchyma is destroyed. Inasmuch as the por- 
tion of the vascular system which is thus cut off is much too small to 
cause such an increase of pressure throughout the whole aortic system, 
since the vessels leading to other organs might become correspondingly 
dilated, it must be assumed that in the case of contracted kidney some 
other hindrance to the circulation occurs throughout more extensive 
vascular areas. This hindrance would most naturally be sought in the 
apparatus which normally serves to keep the aortic pressure at its proper 
height, namely, in the smaller arteries of the body. Whether the condi- 
tion is caused by nervous stimuli arising in the kidney, or by the action 
of retained urinary substances upon the vasomotor centres or directly 
upon the vessel-walls, or whether the heart is excited by nervous stimuli 
to increased action, we are not at present able to say. 

Increase of resistance in the aorta may result from stenosis of this 
vessel, as occurs in rare cases at the isthmus, or from congenital narrow- 
ings of the whole aorta, large aortic thrombi, or from extensive disease of 
the vessel-wall, in consequence of which the intima is rough and nodu- 
lar, the entire vessel rigid, inelastic, and unyielding; or, finally, froma 
general dilatation of the vessel, whereby eddies are formed in the blood- 
streanı. 

Lowering of the total resistance in the systemic circulation is pos- 
sible through the relaxation of the tone of a large part of the arteries, 
and this event may happen when the vasomotor centre is paralyzed, or 
when the cervical cord is divided or partly destroyed through any otner 
process. Since the blood, in this case, flows abnormally quickly from 
the arteries into the veins, the difference in blood-pressure between the 
arteries and veins is lessened, the current becomes slower, the heart re- 
ceives too little blood during diastole, and, finally, the circulation may 
come to a standstill. 

Increase of the resistance in the pulmonary circulation occurs most 
frequently as the result of disease of the lungs and pleura. Adhesions 
of the pleura, as well as spinal curvatures, which hinder the expansion 
of the lungs and their change of volume during inspiration, thereby de- 
priving the circulation of an efficient aid, may cause such increase of 
pulmonary resistance. Of great influence, moreover, are such affections 
of the lung as idiopathic emphysema, retractions and indurations of the 
lung, and destruction of lung-tissue—all of which lead to the oblitera- 
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tion of a portion of the pulmonary capillaries; further, compression of 
the lung through pleural exudate; and, finally, compression of the pul- 
monary arteries by aortic aneurism or by tumors. 

If the hindrance is only slight, the blood may make for itself a new 
passage to the left heart without any increase of pressure; the rate of the 
current in the blood-vessels which are unobstructed alone being increased. 
Greater obstacles cause an increase of pressure in the pulmonary artery 
and the right heart, and if the condition persists for some time the right 
ventricle through increased exertion may become hypertrophic. This 
can occur, however, only when the heart-muscle is adequately nourished 
and when the mass of the blood is not diminished to correspond to the 
diminution of the area of the pulmonary vessels. If the right heart is 
not able to overcome the obstacles in the pulmonary circulation, the 
blood is dammed back upon the right heart, and eventually upon the 
systemic veins. 

An increase of the pressure in the right side of the thorax hinders the en- 
trance of the venous blood into the right heart, and causes an accumula- 
tion of blood in the systemic veins, A sudden increase of pressure may 
cause a retrograde flow of blood into the neighboring veins. 


According to the investigations of Romberg, Passler, Bruhns, and Miller, pneumo- 
cocci, diphtheria-bacilli, and the Bacillus pyocyaneus injure the circulatory apparatus 
of the rabbit, in that they cause paralysis of the vasomotor centres in the medulla. 
This paralysis leads to a diminution of the arterial blood-pressure and to a change in 
the distribution of the blood. The splanchnic vessels become overfilled, the vessels of 
the brain, skin, and the muscles become empty. The heart is not concerned in this 
disturbance of the circulation. In general, it is affected secondarily as a result of the 
deficient flow of blood due to the vasomotor paralysis. A central paralysis of the vaso- 
motors is also responsible for the circulatory disturbances occurring in the acute infeo- 
tions ; and is the chief cause of the failure of the circulation. 

The observation that hypertrophy of the heart follows different diseases of the 
kidneys has been interpreted in various ways. Some writers seek the cause in an in- 
crease of the volume of the blood (Traube, Bamberger), others (Senator, Hwald) believe 
it to be due to the changed character of the blood, while others (Gudi and Sutton) 
ascribe it to a widespread change in the walls of the small arteries. Buhl holds that it 
is due to the over-nourishment of the heart. According to the investigations made up 
to the present time, there can be no doubt that the hypertrophy of the heart in diseases 
of the kidney is dependent upon an increase of the aortic pressure. This increase is 
best explained by an increase of the resistance in the small arteries of the entire body, 
due to the contraction of the small arteries. This contraction must be brought about 
either through the direct action of the urinary substances contained in the blood or by 
some reflex stimulus from the kidneys, or finally by some influence exerted upon the 
vasomotor centre. It is possible that the heart also may be excited to increased 
activity. 
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II. Local Hyperzmia and Local Anemia. 


8 35. To the blood is assigned the function of supplying all the or- 
gans and tissues of the body with nourishment. The cells and cellular 
structures of which the various tissues are composed are able to maintain 
their existence without the advent of fresh nutritive material only for a 
short time; and for this reason the majority of the tissues are supplied 
with blood-vessels, and those not possessing vessels of their own are 
placed in the most intimate connection with vascular structures. 

The demands of the different tissues for blood are not always the 
same, and there is consequently in the various tissues a corresponding 
increase or decrease in the afflux of blood and in the amount of blood 
contained within an organ or tissue at any given moment. An organ 
rich in blood is designated as hyperzemic; one poor in blood as ansemic, 

The regulation of the amount of blood which an organ receives under 
physiological conditions is brought about by a change of the resistance 
in the afferent arteries; and this change is effected entirely through a 
variation in the calibre of the arteries. Since the total mass of the 
blood in the body is not sufficient to fill all the vessels at the same time, 
an extra supply of blood to one organ is possible only by supplying a 
less amount of blood to other parts. The change in the calibre of an 
artery is determined, aside from the blood-pressure, by the elasticity of 
the artery-wall and the degree of contraction of its smooth muscle-fibres. 
These fibres are the regulating element; their activity is dependent 
partly upon influences affecting them directly, and partly upon ner- 
vous influences from the intravascular plexuses and from the vasomotor 
centres in the medulla oblongata and in the spinal cord, some of these 
stimulating, others inhibiting the muscular action. 

When the departures from the average blood-supply of any part of 
the body overstep the physiological limits, or if such variations arise 
without physiological causes, or are unduly prolonged, the condition is 
spoken of as pathological hypersemia and pathological anemia. These 
conditions are in part brought about by the same regulating mechanism 
which governs the normal blood-supply of an organ. 

£36. Hypersemia of an organ is caused under pathological con- 
ditions either by an increase in the arterial supply or through an ob- 
struction and damming-back of the venous outflow; and there are dis- 
tinguished, accordingly, two forms, an actire or congestive (arterial) 
hyperemia and a passive or stagnation (venous) hyperemia. Active hy- 
perzmia arises through an increase of the afflux of blood (congestion), and 
may be either idiopathic or collateral. The first of these plays the more 
important role. It depends upon a relaxation of the muscular tunics of 
the artery, which may be brought about either by paralysis of the raso- 
constrictors (neuroparalytic congestion), or through a stimulation of the vaso- 
dilators (neurotic congestion), or through direct weakening and paralysis of 
the muscles (as, for instance, by heat, bruising, action of atropine, brief 
interruptions of the blood-current), or, finally, through a diminution of 
the erternal pressure exerted upon the vessels. Collateral hyperemia is 
merely the result of a diminished flow of blood to other parts. It oc- 
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curs first in the immediate neighborhood of the parts whose blood- 
supply is lessened; later, the blood may be driven also to such other 
more distant organs as may require it. 

Active byper#mia is characterized by a more or less marked redness and 
swelling of the part, which are very striking in tissues rich in blood-ves- 
sels. The blood flows through the widened channels with increased 
velocity, and lends to the tissue the color of arterial blood. Superficial 
tissues which are exposed to cooling become as a result of the increased 
blood-supply warmer than the neighboring tissues which are less richly 
supplied. 

Passive Hyperemia arises through the retardation or obstruction of 
the flow of blood from the veins. A general passive congestion of the systemic 
reins occurs in those cases in which, through weakness of the heart’s ac- 
tion, valvular insufficiency or stenosis, or obstructions to the pulmonary 
circulation, the emptying of the large veins into the right heart is hin- 
dered. In the pulmonary circulation stagnation of the blood-stream 
may be brought about by any cause hindering the outflow of blood from ° 
the lungs, particularly valvular lesions of the left heart, weakness of the 
left side of the heart, and, more rarely, obstructions in the systemic 
arteries. Not infrequently such a stasis of the pulmonary circulation 
may reach such a degree that the blood is dammed back into the right 
heart, and into the veins of the systemic circulation (see §§ 33 and 34). 

Local passive congestion may arise directly from the fact that the 
progress of blood through the veins is not adequately supported by the 
activity of the museles and the aspiration of the blood from the veins dur- 
ing the inspiratory enlargement of the thorax. The absence of the first 
factor is most apparent in the case of the branches of the inferior vena 
cava; as, for example, in individuals who pass a large part of their time 
sitting or standing without active bodily exercise, so that the emptying 
of the deep-seated venous branches into the vena cava is dependent al- 
Inost Wholly upon the activity of the vein-walls, which by virtue of their 
elasticity and contractility work against the pressure of the column of 
blood resting upon them. The absence of the inspiratory aspiration of 
the venous blood may, on the other hand, make itself felt in disturbance 
. of inspiration through inflammation or other disease-processes of the 
lungs or pleura. 

A further cause of local passive hyperemia consists in the narrowing 
or closing of individual veins, as in the case of compression, ligation, 
formation of thrombi ($ 38), and the invasion of the veins by new- 
growths. For example, the pregnant uterus or a pelvie tumor may com- 
press the pelvie veins, a thrombus may obstruct the cerebral sinuses or 
the femoral or portal veins, or a sarcoma of the pelvis may grow into 
the large pelvie veins. 

When, through the above-mentioned processes or through ligation, 
single veins become occluded, the effect of the occlusion is often very 
insignificant, Inasmuch as the veins concerned may possess free commu- 
nication with other veins, so that but slight obstruction is offered to the 
outflow of the blood. If, on the other hand, the occluded vein possesses 
no collateral communications, or very small ones which are inadequate 
for the passage of the blood—as, for instance, is the case with the main 
divisions of the portal vein, the sinus of the dura mater, the femoral and 
the renal veins—there results a more or less marked passive congestion 
in the area supplying the given vein. 

The effect of an obstacle to the outflow of blood shows itself first in 


ACTIVE AND PASSIVE HYPERAEMIA; HYPOSTASIS. 131 


that portion of the vein lying between the obstruction and the periph- 
ery, the blood-current becoming slowed or checked entirely, while at the 
same time there follows a progressive filling and dilatation of the veins 
through the continued afllux of blood from the capillaries. If through 
the counteractive effect of the increasing tension of the elastic and con- 
tractile vein-walls the obstacle is overcome, the circulation is main- 
tained, and the blood flows toward the heart through the channels which 
it still finds open. Not infrequently the small veins thus called upon to 
perform this increased labor become gradually much dilated, and are 
converted into larger veins. When the obstacle cannot be overcome and 
communicating vessels capable of dilatation are not present, the circula- 
tion comes to a standstill, and a condition of stasis (§ 41) or thrombosis 
($ 38) is produced in the obstructed vessel and its tributaries. 

If the congestion within a venous area extends to the capillaries, so 
that they become overfilled with blood, the affected tissue becomes blue- 
red or cyanotic, exhibiting at the same time a certain degree of swelling. 

Both active and passive hyperemia, observed during life, may, after 
death, show a very different appearance, and not infrequently disappear 
entirely. This is especially the case in the active hyperemias of the 
skin, in part also in those of the mucous membranes. ‘This is dependent 
upon the fact that the tissues, put upon the stretch by the dilatation of 
the capillaries, contract upon the latter, after the stoppage of the cir- 
culation, and by their counter-pressure drive the blood from the capil- 
laries into the veins. In this way a tissue which was red during life 
may become pale after death. On the other hand, tissues which during 
life were pale or at least showed no especial redness, may after death 
take on a blue-red color. This takes place particularly upon the sides 
and back of the trunk (in those parts not pressed upon by the body- 
weight), on the neck, and the posterior aspects of the extremities of 
cadavers lying upon their backs; and is to be explained by the fact that 
after death the blood sinks to the most dependent parts of the body, and 
fills not only the veins, but finally also the capillaries. This phenome- 
non is known as post-mortem hypostasis, and the areas of discoloration 
as “*death-spots’ or livores. They appear within about three hours 
after death, and are the more pronounced the greater the amount of 
blood contained in the skin and subcutaneous tissues at the time of death. 

In the internal organs post-mortem hypostasis is particularly notice- 
able in the pia mater, the dependent. veins being usually more markedly 
distended with blood than those situated higher. In the lungs the set- 
tling of the blood causes an engorgement not only of the veins, but also 
of the capillaries. 

If the general circulation during life, as a result of cardiac insuffi- 
ciency, is imperfect, and there results a general passive congestion, the 
blood may also collect in the dependent portions of the body, partly be- 
cause it is not driven out of them, and partly because it sinks into these 
parts from those situated on a higher level. This phenomenon is also 
known as hypostasis, and occurs particularly in the lungs (hypostatic 
congestion). 


For the observation of the circulation and its disturbances during life the tongue 
or the web of the curarized frog, properly spread upon a glass plate, may be used 
(Cohnheim, Virch. Arch.. Bd. 40). This may be done in a very simple manner by draw- 
ing the frog’s tongue over a cork ring, which is cemented to a glass plate, and fasten- 
ing it to the sides of the ring with pins. The pulsating arterial current and the con- 
tinuous venous stream possess a clear zone of blood-plasma, in both the normal and 
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the quickened circulation. If, through the ligation of the efferent veins of the tongue, 
passive congestion is produced and the current slowed, the plasma-zone in the veins is 
lost, and both veins and capillaries become greatly distended with accumulated red 
cells. After a certain time the tongue swells as the result of an infiltration with trans- 
uded fluid. 

According to the investigations of ron Landerer (“ Die Gewebsspannung,” Leipzig, 
1884), the wall of a capillary vessel embedded in tissue supports only from one-third 
to one-half of the blood-pressure. ‘The remaining portion is borne by the tissues, which 
afford an elastic resistance, and thereby maintain the tension which is necessary to keep 
the blood in motion. In both active and passive hyperemia both the tissue-pressure 
and the tissue-tension are increased: in anwmia they are diminished. 


§ 37. Local anemia or ischemia, the lack of proper blood-supply 
to a tissue, is always the result of a diminution in the afflux of blood. 
If the total mass of the blood is normal, the cause of the anzmia is 
purely local; if there is a general poverty of blood, the local ansemia, in 
part at least, is secondary. 

The pathological diminution in the blood-supply to an organ is at 
times merely the result of an abnormal increase of the arterial resistance, 
due to the contraction of the muscular coats. In other cases pathological 
obstructions—such as compression of the arteries, narrowing of the 
arterial lumen through pathological changes in the vessel-walls, deposits 
on the inner surfaces of the arteries, occlusion of the vessels by emboli 
(compare § 20), etc.—may act as hindrances to the blood-stream. 

The immediate result of the narrowing of an artery is always a slow- 
ing and diminution of the blood-stream beyond the point of constriction. 
Complete occlusion of an artery brings the circulation beyond the obstruc- 
tion to an immediate standstill. If baek of the point of constriction or 
occlusion the artery is provided with large arterial communicating 
branches—the so-called arterial collaterals—the disturbance of the circu- 
lation may be compensated by an increased afflux of blood through the 
collateral arteries; and this compensation is the more complete the larger 
and the more distensible are the collaterals. If the narrowed or occluded 
artery- possesses no collateral branches in its area of distribution—if it is 
a so-called terminal artery—the slowing or cessation of the circulation be- 
yond the point of obstruction or occlusion cannot immediately be done 
away with, and the affected vascular area becomes partly or wholly emp- 
tied of blood, in that, through the contraction of the arteries and the 
pressure of the tissue on the capillaries and veins, the blood is almost 
wholly driven out of the area supplied by the obstructed artery. Fre- 
quently there occurs after a time an afflux of blood from the neighboring 
capillaries. 

When the current and the pressure beyond a constricted point have 
sunk toa certain minimum, the driving force gradually becomes unable 
to propel the mass of blood. The red corpuscles, in particular, cease to 
move, and eollect in the veins and capillaries, so that the area supplied 
by the artery in question becomes again filled with blood ; only not with cir- 
culating, but with stagnant blood. The same thing occurs when, after com- 
plete occlusion of a terminal artery, the blood slowly and under low press- 
ure enters the vessels of the affected area from small arteries incapable 
of adequate enlargement, or merely through anastomosing capillaries. 
Finally, an accumulation of blood within the anemic area may also oc- 
cur by a reflux from the veins. This takes place when the intravascu- 
lar pressure within this area has sunk to nothing in the arteries and 
capillaries, while in the veins a positive pressure exists. A condition of 
passive congestion in the veins favors such a reflux. 
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A further cause of anemia of one organ may be found in the abnor- 
mal congestion of other organs, as in that case the total mass of the 
blood is not sufficient to supply adequately the remaining organs. Such 
an anzemia is designated collateral anemia. 

All anemic tissues are characterized by paleness. At the same time 
they are flabby, not turgescent, and show their individual color more 
distinctly. 

The significance of ischemia lies especially in the fact that, on ac- 
count of the need of the tissues for a continuous supply of oxygen and 
food-material, the persistence for a certain length of time of the condi- 
tion of imperfect blood-supply brings about tisswe-degenerations (compare 
$1). Total arrest of the blood-supply leads in a short time to the death 
of the tissue involved. If the blood comes to flow anew into the degen- 
erating and dying tissues in the area of distribution of an obstructed ves- 
sel, and there stagnates, an extravasation of blood into the tissue may 
take place, leading to the formation of a hemorrhagic infarct (compare 


8 45). 

The rapidity and completeness of the derelopment of a collateral circulation after the 
occlusion of an artery depends upon the size and distensibility of those vessels which 
are in communication with those of the anemic area. If these are numerous and dis- 
tensible, the anemic area is soon again supplied with an approximately normal volume 
of blood. If this is not the case the disturbance of the circulation is more slowly com- 
pensated; and the stasis and increased pressure are found to extend farther back from 
the point of obstruction toward the heart, so that a collateral hy pereemia occurs in ves- 
sels situated farther back toward the heart. In the further course of the process of 
re-establishing the circulation the resulting increase of volume and velocity remains 
confined to such vessels as communicate with the area of the obstructed artery, that is, 
confined to the capillary and arterial anastomoses, where the increase of volume and 
velocity become permanent. This leads further to a lasting dilatation of the vessels 
concerned, and at the same time to an increase in the vessel-walls, not only in thickness, 
but also in length, as is evident from the increased tortuosity of the vessels. Accord- 
ing to Nothnagel, the phenomenon of the increase in thickness of the walls of the anas- 
tomosing arteries may be demonstrated in the case of rabbits in about six days after 
the ligation of an artery; and after the ligation of large vessels in their continuity, the 
small arteries which carry on the collateral circulation become changed in the course 
of a few weeks, into quite capacious, thick-walled arteries, 
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guished as red, colorless or white (that is, yellow or grayish-white), and 
mized thrombi. 

The coagulation of the blood is a peculiar process, difficult of exact 
interpretation. Histologically, it is characterized, both in extravascular 
clotting (Fig. 12, d, d,) and in intravascular as well (Fig. 13), by the 
formation of little rods and threads between the red cells, at one time ar- 
ranged in a meshwork, at other times in stellate or fascicular groups 
around centres. These little rods and fibres are known as fibrin; and 
are in part smooth and shining, in part covered by little granules, or 
partly interrupted by granules, or are composed entirely of such collected 
together. Besides the threads there occur also free granules, granular 
masses, and blood-plates of varying size and form; and not infrequently 
such formations lie in the centre of the fibrin-stars. At times the stellate 
and fascicular forms of fibrin are found arranged about leucocytes or at- 
tached to endothelial cells of the intima of the vessel. 

In the red blood-cells there oecur here and there degenerative appear- 
ances, in the form of plasmolysis, plasmorrhexis, and plasmoschisis. In 
plasmolysis or erythrocytolysis there occurs a passage of soluble substances 
from the red cells into the blood plasma, so that the red cells become 
smaller, and the so-called microcytes and red blood-cell “shadows” are 
produced. At the same time individual cells may become swollen. 

In plasmorrhecis or erythrocylorrhexis and in plasmoschisis or erythro- 
cyloschisis, bright, shining globules arise from the red cells, or the latter 
become covered with little prickle-like projections, or come to resemble 
mulberries, or send out protoplasmic processes. Through the snaring- 
off of these prominences round, disc-like, angular, or thread-like bodies 
are formed, which are partly homogeneous and partly finely granular, 
and not infrequently enclose larger shining bodies. Finally, the red cells 
may break up into disc-like or globular pieces, and finally into granules. 
The formations known as blood-plates are nothing more than peculiarly 
formed products of plasmorrhecis and plasmoschisis of the red cells ; and it is 
possible to distinguish among them those which are colorless, those con- 
taining hemoglobin, and homogeneous and granular forms. 

In fresh coagula, changes cannot usually be demonstrated in the col- 
orless corpuscles of the blood ; but in the later course of the process degen- 
erative appearances are found in these also. 

Between the destruction of the red blood-cells and the coagulation of the 
blood, both extra- and intravascular, there exist undoubtedly close relations ; 
that is, coagulation is set into action through the occurrence of changes 
in the red cells as above described. According to our present knowledge, 
it must be assumed that many red cells, probably the oldest ones, very 
easily suffer such changes, so that, for example, adherence to a diseased 
portion of the vessel-wall, which is prevented by the normal condition of 
the intima, is sufficient to cause a disintegration of certain red cells, with 
formation of blood-plates, and later coagulation and thrombus-forma- 
tion. The origin of coagulation has also been regarded as-due to plas- 
molysis and plasmorrhexis of the leucocytes; further, similar degenera- 
tions of the endothelium may also induce coagulation. The possibility 
that the endothelial cells play a certain part in the origin of coagulation 
cannot be excluded, but it must be emphasized that the degenerative 
changes ordinarily preceding coagulation cannot be demonstrated in these 
cells. The facts brought forth, particularly by Hauser and Zenker, that 
the fibrin-threads not infrequently are attached to endothelial cells, or 
leucocytes, or to the remains of such cells, do not prove that these are 
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portion and arrangement make up their structure. White thrombi may 
consist almost entirely of granular masses (Fig. 16, a) and fibro-granu- 
lar fibrin, which in some cases is arranged in a meshwork (5), in others 
in fibres running nearly parallel (c) which enclose few leucocytes. In 
other cases the number of cells may be much greater. In mixed thrombi 
(Fig. 15), granular fibrin (b), more rarely hyaline masses, thready 
fibrin (¢, d,), and red blood-cells (a), in varying proportion and in alter- 
nating stratification, constitute the thrombus-mass, and all of these ele- 
ments enclose more or less numerous, often many leucocytes. 

The ‚ibrogranular masses which form part of the structure of the 
thrombus are composed of precipitated fibrin. The granular and hyaline 
masses, on the other hand, 
probably arise directly from 
the products of the plasm- 
oschisis and plasmorrhexis 
of the red blood-cells, in 
particular from the blood- 
plates. In large thrombi 
they often show a coral-like 
arrangement. 

The causes of the forma- 
tion of white and mixed 
thrombi are especially: 
changes in the intima of the 
heart and the vessels and dis- 
eases of the vascular appara- 
tus, which lead to a general 
or local slowing or irregularity 
of the blood-stream. The for- 
mation of thrombi may be 
pt, studied directly, in suitable 
Fra, 19, subjects, under the micro- 
pidly flowing bloodstream. a. Axint stream: Scope, both in the case of 
ne With feoluted leucoeytes, d.' (After Eberth gold- blooded and warın- 
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> especially by Bizzozero, 
Eberth, Schimmelbusch, and 
Löwit, have led to very im- 
portant results. 

When the blood flows with normal velocity through a blood-vessel, 
there may be seen under the microscope a broad, homogeneous red stream 
a), while at the sides there lies a 
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number of white corpuscles, which roll slowly along in the plasma-zone, 
at times adhering to the vessel-wall, becomes constantly increased (Fig. 
18, d), so that they finally come to lie in great numbers in this zone. 

If the current is still further retarded so that the red cells become 
plainly recognizable (Fig. 19, a), there appear in the peripheral plasma- 
zone, in addition to the colorless blood-corpuscles (d), also blood-plates 
(6), which increase more and more in number with the progressive retar- 
dation of the current, while the leucocytes again become diminished in 
numbers. When total arrest of the blood-current finally occurs, there 
follows a distinct separation of the corpuscular elements in the lumen of 
the vessel. 

If, in a vessel in which the circulation is retarded, the intima is in- 
jured at acertain point by compression or crushing, or by means of 
chemical agents, as corrosive sublimate, nitrate of silver, or sodium 
chloride, and if the lesion of the wall does not lead to a complete stop- 
page of the circulation, blood-plates may be seen adhering to the injured 
portion of the wall; and in a short time the injured spot is covered with 
many layers of the same (Fig. 19, c). Often, more or less numerous 
leucocytes (d,) become embedded in this mass, and their number is the 
greater the more numerous these are in the plasma-zone. Under certain 
conditions they may be very numerous and partly cover up the blood- 
plates. In case of great irregularity of the circulation or more severe 
changes in the vessel-wall, red cells may also drop out of the circulation 
and become adherent to the vessel-wall or the colorless deposit already 
formed. Not infrequently portions of the thrombus-mass are again torn 
loose, in which case a new deposit of blood-plates occurs. The vessel 
may finally be closed as the result of a long-continued deposit of the 
blood-elements. 

When at any point blood-plates in large numbers have become ad- 
herent to the vessel-wall, they become after a time coarsely granular at 
their centre, and finely granular or homogeneous at their periphery, and 
become fused together into one compact mass. The final result of this 
process is the formation of a colorless blood-plate thrombus, within which 
more or less numerous leucocytes may be imprisoned. Eberth designates 
the sticking together of the blood-plates as conglutination, their fusion 
into a coherent. thrombus-mass as viscous metamorphosis. 

If we compare the observations made upon warm-blooded animals, 
by Bizzozero, Eberth, and Schimmelbusch, and more recently by Löwit, 
with the histological findings in thrombi occurring in the human subject, 
we are warranted in drawing the conclusion that the formation of thrombi 
in the circulating blood of man occurs in part in the same way as that 
observed in the lower animals, Thrombosis is, therefore, directly depend- 
ent upon two causes: namely, disturbances of the circulation, particu- 
larly retardation of the current and the formation of eddies which drive the 
blood-plates against the vessel-iwall ; and local changes in the vessel-walls. 
It is also probable that thrombosis is favored by pathological changes in 
the blood. From the variety of conditions under which thrombosis in 
man occurs, we must assume that at one time one cause, at another time 
another, plays the chief part in the formation of the thrombus, or that 
all three may take an equal part in the process. 

If a blood-plate thrombus or a conglutination-thrombus has formed 
at any point, coagulation may subsequently occur, yielding fibrin-threads 
which enclose a greater or less number—often large numbers—of the 
cellular elements of the blood. Conglutination and coagulation may occur 
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in combination ; and the frequency with which this comes to pass, judging 
from the composition of the thrombi occurring in man (Figs. 15 and 16), 
seems to denote the fact that fibrin-ferment is produced during the for- 
mation of the blood-plate thrombus, and that consequently, in the neigh- 
borhood of the conglutinated blood-plates, processes of coagulation 
occur in the adjacent plasma-zone of the blood-stream. If white corpus- 
cles alone are circulating in this zone, the mass of coagalum is white 
(Fig. 16) and encloses a greater or less number of red cells; if red cor- 
puseles also circulate in the peripheral zone, or if the coagulation extends 
into the red axial stream, mixed thrombi will be formed (Fig. 15). 

If in marasmie individuals, as not infrequently happens, or in those 
who have been subjected to some traumatism, extensive thrombosis oc- 
eurs, this occurrence is probably connected with a ferment-intoxication 
(Koéhler, von Diiring); and the local disturbances of circulation only 
decide the location of the coagulation. Vaquez is of the opinion that 
infections play a very prominent role in the origin of cachectic thrombi. 


According to Naunyn, Franken, Kohler, Plosz, Gyorgyat, Hanau, and others, a 
more or less extensive thrombosis may be produced by the injection into the blood- 
vessels of laked blood, solutions of hemoglobin, salts of cholic acid, ether and other 
substances; yet the results of this experiment are not constant (Schiffer, Hogyes, Lan- 
dois, Eberth), and coagulation may not occur. The probability of effecting coagulation 
is proportionate to the degree of disturbance produced in the blood by the substance 
injected. 

According to Arthus and Pages, the blood flowing from the veins becomes inca- 
pable of coagulating spontaneously, if sodium oxalate, sodium fluoride, or soaps are 
added to it in such quantitics that the mixture contains 0.07-0.1 per cent of the oxalate, 
or about 0.2 per cent of the fluoride, or 0.5 per cent of soap. These salts all act b 
precipitating the calcium salts. If to blood, kept fluid by treatment with oxalic acid, 
one-tenth of its volume of a one-per-cent solution of calcium chloride is added, coagu- 
lation occurs in six to eight minutes, and the calcium salts pass into the combination of 
the fibrin-molecule. The fibrin-ferment can act upon the fibrinogen only in the pres- 
ence of calcium salts. Under the influence of the fibrin-ferment, and the presence of 
calcium salts, the fibrinogen undergoes a chemical change which results in the forma- 
tion of a caleium-compound, fibrin. Jlammarsten, who holds that the presence of cal- 
cium is not necessary for the change of fibrinogen into fibrin, attempts to explain the 
observation of Arthus and Payes, through the assumption that the calcium salts are 
necessary factors for the conversion of prothrombin into thrombin. 

If blood be allowed to flow bencath a layer of oil, into a vessel coated with a film 
of vaseline, it will not coagulate (Freund); and from this it may be assumed that the 
cause of the coagulation is to be found in the adhesion of the blood to a foreign body. 

Bizzozero, in the year 1882, described as a new clement of the blood, small, flat, 
homogeneous structures, which he designated as blood-plates, and regarded as identical 
with the hwmatoblasts described by Aayem. Supported by thorough experimental 
investigations, he assumed that it was these bodies, which in breaking up, induced 
coagulation; and, therefore, denied this to be a property of the leucocytes. Ruuschen- 
buch, Heyl, Weigert, Lott, Eberth, Schimmelbusch, Illaca, Groth, and others, have op- 
posed the teaching of Bizzozero, in that they in part oppose the causal relation of the 
blood-plates to coagulation, and in part (Weigert, Hava, Halla, and Léuwitt) regard the 
blood- plates not as constant formed elements of the blood, but as degeneration-products 
of the colorless blood-corpuseles, or as a product of a precipitation of globulin (écrit), 
From their contributions we may also gather that the disintegration of leucocytes in 
fluids containing fibrinogen may give rise to Coagulation, so that the blood-plates are 
not the only fibrin-formers. According to Groth, the injection of large numbers of 
leucocytes into the blood-vessels leads to thrombosis. According to Rauschenbuch, the 
dissolution of leucocytes is constantly occurring in the blood; but through the inhibi- 
tory powers of the organism, the fibrin-ferment is rendered inactive. 

Zahn, in 1875, was the first. to differentiate strictly between red, white, and mixed 
thrombi. He regarded the colorless substance of the white and mixed thrombi as for- 
mations, arising from colorless corpuscles. which become separated from the axial 
stream, attach themselves to rough places of the vessel-wall, and fuse together to form 
homogeneous or granular masses, Up toa few vears ago most authors have accepted 
this view; but there can be no doubt, according to the investigations of Bizzozero, 
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Lubniteky, Eberth, Schimmelbusch, and Lowit, that there is also a blood-plate thrombus 
in the production of which the leucocytes play only a subordinate röle, and that 
the tbready fibrin of thrombi also may often contain but very few leucocytes (Fig. 16). 

According to Lowit, the blood-plates are not found in the normal blood, but appear 
only under certain conditions; and represent nothing more than globulin precipitated 
in the form of platelets. For their formation very slight changes in the circulation 
and composition of the blood are sufficient; and it is therefore difficult to make observa- 
tions of the circulating blood without producing them. It is possible, however, by 
observing the greatest precaution, to demonstrate that the blood circulating in the 
mesentery of the mouse contains no formed elements except the red corpuscles and the 
leucocytes. Changes in the vessel-wall and slowing of the current lead to the precipi- 
tation and deposit of blood-plates upon the vessel-wall; and the blood-plates thus pre- 
cipitated are quickly changed into a substance closely related to fibrin, whereby they 
become soluble with difficulty, swell somewhat, and in part present a granular appear- 
ance. The blood-plate fibrin is in its staining-reactions closely related to thready 
fibrin, so that the production of a blood-plate thrombus is, in fact, a form of coagula- 
tion. In cold-blooded animals, under the same conditions as those leading to the for- 
mation of blood-plates in warm-blooded animals, the globulin is precipitated ‘in a gran- 
ular form, but not in the shape of blood-plates. The small spindle-shaped elements 
found in the blood of cold-blooded animals and in birds, and which have been regarded 
by Bizzozero, Eberth, and Schimmelbusch as equivalents to the blood-plates, are nothing 
more than young colorless cells, which in part become transformed into ordinary leu- 
cocytes, and in part into red blood-cells. They possess nuclei, and can assume a round 
form, while the blood-plates are non-nucleated, and cannot actively change their form. 
Changes in the vessel-walls and slowing of the current lead in the case of cold-blooded 
animals to the formation of thrombi consisting essentially of leucocytes, which may 
be converted into granular masses. At the beginning of cell-deposition the spindle- 
shaped leucocytes are often deposited in great numbers. ; 

The view of Zöwit as to the genesis of the blood-plates I cannot accept; I hold 
rather that the blood-plates are products of red blood-cells which are either thrown 
off from degenerating red cells, or are formed by the disintegration of the same. I 
base my opinion upon the investigations which Wlassow, at my suggestion, carried out 
in my laboratory in 1898. Wilassow studied both the early stages of thrombosis, and 
the behavior of the blood-corpuscles when treated with different fluids. His observa- 
tions would indicate that, on the one hand, in the beginning of thrombosis, in circulat- 
ing blood, the red corpuscles become adherent, undergo changes and are converted into 
a granular mass; that on the other hand, a portion of the red cells (most probably those 
which are the oldest and are approaching their disintegration) are very unstable cells, 
from which there may be easily formed structures which correspond to the blood- 
plates, in so far as their properties are concerned. Whether such structures develop 
under normal conditions, or whether in the normal disintegration of the red cells the 
colorless elements of their cell-bodies pass immediately into solution, cannot be decided; 
this much only can be demonstrated: that the most diverse influences may cause a 
plasmoschisis of the red cells with formation of the so-called blood-plates. Arnold has 
recently published observations upon the products of the red cells resulting from a 
process of constriction and setting free of portions of the cell; and these confirm and 
extend the observations made by Wlassow and myself. 

A. Schmidt, in his work on the blood, published in 1892, in which he collects the 
results of many years of study on the coagulation of the blood, regards the fibrin- 
ferment or thrombin as a cell-derivative, which arises from an inactive antecedent sub- 
stance, prothrombin, under the influence of certain zymoplastic substances which are also 
cell-derivatives. He likewise regards the fidrinogenie substance or metaglobulin, as a 

roduct of the disintegration of cellular protoplasm. Therefore, the substances caus- 

g coagulation as well as those producing thrombosis must all be regarded as cell-' 

derivatives, and the red blood-cells in particular are the source of the materials of cvag- 
sion, 

According to Cortn, coagulation occurs tn the blood of the cadaver only when the fer- 
ment was present in the blood during life ; and the extent of the coagulation is dependent 
directly upon the amount of ferment contained in the blood during life. A further 
formation of ferment does not take place after death; on the other hand, it is probable 
that there is formed by the vessel-walls a body inhibiting coagulation. Between the 
blood of those dying suddenly (strangulation), and that of individuals dying slowly, 
there is only a relative difference, depending upon the amount of ferment present. A 
fluid condition of the blood of the cadaver can, therefore, be of no significance in so far 
as the diagnosis of the manner of death is concerned, 
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etc. Perforating wounds of the vessels, crushing of the vessel-wall, and 
laceration of the intima lead likewise to the formation of thrombi; and 
thrombotic precipitates are formed also upon foreign bodies lying in the 
vessels. According to the cause of the injury to the vessel-wall there 
may be distinguished: traumatic, infectious, and thermic thrombi, as well 
as those produced by degenerative changes in the wall, foreign bodies, and 
tumor proliferation. Thrombi occurring in enfeebled individuals with 
poor circulation (cardiac weakuess) are usually designated as marasmic 
or cachectic. . 

Thrombi may be classed also according to their relation to the vessel- 
lumen. Thus thrombi attached to the wall of the heart (Fig. 20, c) or 
blood-vessel are known as pari 
thrombi, those situated upon the valves 
of the heart or veins (Fig. 21, d) are 
termed valvular thrombi. In both 
eases the thrombi may consist only of 
delicate, translucent, membranous, hy- 
aline deposits; but are often thicker 
and firmer and project into the lumen 
of the heart or blood-vessels. Their 
surface often shows ribbed elevations 
which are paler than the other portions. 
A thrombus completely closing the lumen 
of the vessel is called an obturating 
thrombus (Fig. 21, a, db). The coagula 
first formed are designated as primary 
or autochthonous, those subsequently 
deposited upon these as induced throm- 
bi. Through growth by accretion a pa- 
rietal thrombus may become changed to 
an obturating one. In this way it not 
infrequently happens that upon an orig- 
inally white or mixed thrombus a red 
one (Fig. 21, c) is formed; the throm- 
bosis at the beginning occurring in eir- 
culating blood, while later, after the clos- 
ing off of the vessel, the blood stands 
still and clots en masse. The reverse 
may occur—that is, upon a thrombus 

Fie. 21—Torombals of femora ana OFiginally red there may be deposited 
saphenous veins, a,b, Obturating mixed white or mixed coagula—when a red 
showing. peripheral wruschment? rom — thrombus obturating & vessel becomes 
bug protuoimg from u valve, (itedueed smaller by contraction, and thus opens up 

a channel for the free passage of blood. 

Thrombi may oceur in any part of the vascularsystem. In the heart 
they are formed chiefly in the auricular appendages and in the intertra- 
lar spaces, as well as upon any diseased spot (Fig. 20, 5) in the 
rt-wall. They begin ally in the deep recesses between the tra- 
ke, but through con inual accretions they form larger masses of 












20), wl hich are calle “dl heart-polypi. They are sometimes more or 

ost i ith a broad base; at other times they are more 
elub-shaped; their surface is often ribbed. Tn rare cases large spherical 
or knobby thrombi may become loosened; and, in case they cannot pass 
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the ostium, lie free in the corresponding chamber of the heart. Such 
free globular thrombi are sometimes seen in the auricles in cases of 
stenosis and insufficiency of the auriculo-ventricular orifices, but they are 
of rare occurrence. After their detachment they may increase in size 
through the formation of new deposits of fibrin. Masses of coagula 
which are deposited upon inflamed valves are known as valvular polypi. 
Parietal and valvular polypi may become very large and fill up a large 
part of the heart-chambers. 

In the arterial trunks thrombi may occur in a great variety .of places, 
particularly behind constrictions and in dilatations. Occasionally in 
cacheetic individuals with a much-degenerated 
arterial intima, parietal, white, or mixed thrombi, 
adherent to the surface, are formed in the aorta. 

in the veins thrombi are occasionally formed 
in the pockets of the valves (Fig. 21, d), from 
which they may gradually protrude and develop 
into obturating thrombi. Often a thrombus may 
grow from a smaller vein (a), where it was pri- 
mary, into the lumen of a larger vein (6). Thus, 
for example, a thrombus having its origin in a 
small vein of the lower extremities may finally 
grow into the inferior vena cava and even reach 
the heart. Of especial importance, because of 
the resulting local disturbances, are the obturat- 
ing thrombi of the femoral veins, the renal veins, 
the sinus of the dura mater, the ven® cave, and 
the portal veins. 

Thrombosis in the smallest vessels is most. 
frequently the result of disease of the surround- 
ing tissues, particularly infectious and toxic in- 
flammations and necrotic processes. The throm- 
bi formed are, for the greater part, hyaline; in 
their composition the colorless elements of the red 
blood-corpuscles have the chief share, fusing to- 
gether into a homogeneous mass. Nevertheless, 
it may be demonstrated occasionally, by means 
of proper technique (Weigert’s staining method), FıG. 2. — Remains of a 
that thes also wae thready fibrin.” Tht vein occurriag "Erte years 
of smaller vessels occur also after burns of the skin Peters dvath, van nlltersiet 


on of the vein (the right 
(Klebs, Welti, Silbermann) and often in cases of Corea ede ne 
poisoning—for example, with corrosive sublimate — tve-tissue coräs'in tbe lu- 
( Kaufmann)—and are found especially in the  mina,of te, vein nnd its 
smaller vessels of the lung. They frequently (Natural size.) 

occur in hemorrhagic infarcts (Fig. 12, @,). 

Thrombi originating in the capillaries may develop also into the efferent 
veins, partly for the reason that through the obturation of numerous 
capillaries the blood flows more slowly into the veins, partly also for 
the reason that disintegrating red cells and blood-plates pass into the 
veins in large numbers. 

The first deposits in the formation of a parietal thrombus consist of 
delicate, translucent, or whitish layers. The fully formed thrombus is 
a rather firm, dry mass, firmly adherent to the inner surface, and in 
color and structure varying according to the conditions mentioned above. 
Thrombi, originally soft and moist, undergo in time a process of contrac- 
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tion, and thereby become firmer and more dry. By means of such con- 
traction vessels closed by obturating thrombi may become again opened 
for the passage of the blood. 

In case of marked contraction, the fibrin, blood-plates, and the red 
blood-cells may become changed into a firm mass, which may remain in 





Fis, 23. Obltteration of a pulmonary artery by connective tise after embotie plugging of Sta lumen. 
(Miller's uid, tvematoxylin, and eosin.) a, Artery wall; b, connective tiasue All ‘vewsel-lumen ; 
€, d, newly formed blood-vessels. x 45. 


this condition for a long time, become firmly adherent to the vessel-wall, 
and finally undergo calcification. This may occur in both valvular 
heart-thrombi and thrombi located in the vessels. The chalky concre- 
tions formed in this manner in the veins are known as phleboliths ; 
those occurring more rarely in the arteries as arterioliths. 

Contraction and calcification are relatively favorable sequel of 
thrombosis. Much less favorable are the more frequent processes of de- 
generation occurring in thrombi, which are known as simple and as puri- 
form or yellow septic softening. In 
simple softening the central portion of 
the thrombus becomes changed into a 
grayish-red, or gray, or grayish-white 
grumous mass, consisting of disinte- 
grated and shrunken red corpuscles, 
pigment-granules, and colorless, gran- 
ular debris. If the softening extends 
to the superficial layers, and if there is 
at the same time a certain strength of 
blood-current in the neighborhood of 
the thrombus, the products of disin- 
tegration may be swept along into the 
circulation. If thereby larger pieces 
become loosened and transported by 
the blood-stream, arterial emboli will 
be produced (see Fig. 2). 

Fic. 24. Remains of embolle plugs in a In the yellow puriform or septic 
Yard embolus ftavenatiyemnectivetiseus softening the thrombus breaks down 


threads; D, cordsof connectivetisue crossing —; ° . 
the oritices of branch vessels, (Natural size) into @ yellow, or grayish-yellow, or 
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mation of the thrombus, the process of organization is brought about by 
formative cells which wander in from the outer layers of the vessel-wall. 
The thrombus itself takes no part in the organization; it is a dead mass 
which excites inflammation in the surrounding tissues. In the course of 
time the dead thrombus-mass is replaced by vascularized connective tissue 
(Fig. 23, b, ¢, d). 

The cicatricial tissue formed in the place of the thrombus contracts 
more or less in the course of time. The cicatrices formed after ligation 
may thus become very small. Such a cicatrix in the continuity of a ves- 
sel may later appear simply as a thickening of the vessel-wall, or there 
may remain only threads and trabecule (Fig. 22, b, c, d), which cross 
the lumen of the thrombosed vessel, so that the blood-stream can once 
more pass the affected spot. Not infrequently the connective-tissue 
strands crossing the vessel cause a marked narrowing of the lumen; or 
the vessel may become completely obliterated (Fig. 22, a), so that the 
vessel for a greater or less distance becomes converted into a solid fibrous 
cord. 

The pieces broken loose from a thrombus and carried into an artery 
and there lodged—that is, emboli—generally induce new deposits of 
fibrin upon their surface. Later they undergo the same changes as 
thrombi, and may either soften, or contract (Fig. 24, a), or become calci- 
fied. If the emboli are non-infective they usually become replaced by 
vascular connective tissue (Fig. 23, d, c). 

In many cases the new-formation of connective tissue leads to the ob- 
literation of the artery (Fig. 23). In other cases in the place of the em- 
bolus there is developed only a ridge of connective tissue or a nodular or 
flat thickening of the intima. In still other cases the lumen of the vessel 
is traversed by strands of connective tissue (Fig. 24, 6), which either run 
separately or, interlacing, form a fine- or coarse-meshed network. 

If pyogenic organisms are present in the emboli, as is very likely to 
be the case when the emboli arise from a thrombus lying in a suppurat- 
ing focus, there is produced a purulent process (Fig. 25, 7) at the site of 
the embolus (Fig. 25,'g), and occasionally ulceration also. 
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more distended and the pressure within these rises to the height of that 
at the point of divergence of the nearest permeable artery. In this way 
a large portion of the fluids of the blood are pressed out of the capillaries 
and veins, and as a result of this the red blood-cells become so closely 
packed together that their contours are no longer distinguishable, and 
the total contents of the vessel form a homogeneous, scarlet-red column 
(Fig. 26). The red blood-cells, however, are not fused together; as soon 
as the hindrance to the outflow is removed and the circulation restored, 
the individual eorpuscles become once more separated from one another. 

Stasis may be caused by many injurious influences which affect the 
vessel-wall and the blood itself. Thus, for example, heat and cold, irri- 
tation with acids and alkalies, action of concentrated solutions of sugar and salt, 
action of chloroform, alcohol, ete., cause not only contraction or dilatation 
of the vessels and disturbances of circulation, but also under certain 
conditions produce stasis. These injurious agents act ino the first place 
by abstracting water from the blood and vessel-walls, and further by 
producing essential changes in the composition of the blood-corpuscles, 
blood-plasma, and vessel-walls; so that the red cells become less mobile 
and the vessel-walls come to offer increased frictional resistance to the 
blood-stream, and at the saine time to permit the fluid portions of the 
blood to pass through them the more readily. Stasis may also be pro- 
duced by loss of water and drying of the tissues, an event which may oc- 
cur, for example, in injuries which lay bare tissues lying within the body 
(intestine). 
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IV. CEdema. 


§ 41. The free fluid which permeates the tissues is essentially a tran- 
sudate from the blood, though under certain conditions a portion of the 
tissue-fluids contained in the cells and fibres may also pass over into the 
free lymph. The passage of fluid from the vessels is not a simple proc- 
ess of filtration, but is rather to be regarded as of the nature of a secre- 
tion, accomplished by means of a specifie function of the capillary walls. 
The fluid seereted by the capillaries mingles with the products of metabo- 
lism in the tissues, and is taken up from the tissue-spaces by means of 
the lymph-vessels, and through the thoracic duct is again returned to the 
venous blood. 

Every increase in the transudation of the fluids of the blood causes 
first a more marked saturation of the tissues, which may be compensated 
for by an increased absorption through the lymph-vessels. This com- 
pensation has, however, its limits; with increased transudation from the 
blood-vessels there is produced a more or less permanent over-saturation 
of the tissues with the transuded fluids. 

The condition which is produced by this collection of fluids in the tis- 
sues is known as dropsy, oedema, or hydrops. According to the extent 
of the condition there may be distinguished a general and a localized hy- 
drops. An oedema extending over the superficial portions of the body is 
known as anasarca or hyposarca. 
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The transudate from the blood which constitutes the edema or the hydrops is 
alicays much poorer in albumin than the blood-plasma. The fluid collects at 
first in the tissue-spaces as free tissue-fluid, but may also soak into the 
tissue-elements themselves and cause a swelling of the cells and fibres, and, 
under certain conditions, the formation of vacuoles (Fig. 27), due to the 
collection of drops of fluid in the cells or their derivatives. 

This may be most frequently demonstrated in the epithelium of the 
body-surfaces and of glands, but becomes at times distinctly evident 
other tissue-elements—for example, in connective-tissue cells and 
muscle-fibres (Fig. 27), whose fibrille become pushed apart by drops of 
fluid. Moreover, it often happens in edematous tissues that cells be- 
come loosened from their basement-membrane, particularly in the lungs 
and serous membranes, where the epithelial cells in large number may 
be mixed with the fluid. 

Tissues which are the seat of edema appear swollen, though the de- 
gree of swelling depends essentially upon the structure of the affected 
tissue. The skin and the subcutaneous tissue are able to take up into 
their lymph-spaces large quantities of fluid, so that an extremity may 
become enormously swollen through edema. In this condition it is pale, 
possesses a doughy consistence, and 
pits on pressure. On incision an 
abundance of clear fluid escapes, 
revealing the tissues thoroughly 
saturated with fluid. 

The lung behaves in a similar 
way. Owing to its limited room : = 
it cannot become greatly distended. mung Zig Wongttndinal section, of cedematous 
but it contains great numbers of chrons t ri 
cavities filled with air, which, in mal) Xu ur (enulagssoluton. 
the advent of edema, become filled 
with fluid, which on pressure escapes from the cut surface, generally 
mingled with air-bubbles. 

(Edematous swellings of the kidney, which may become very marked, 
are caused especially by the retention in the dilated urinary tubules of 
the water of the urine secreted by the glomeruli. In the connective tissue 
between the tubules large amounts of fluid collect but rarely. 

The amount of blood contained in cedematous tissues is variable, and 
their color varies accordingly. 

Body-cavities which are the seat of a dropsical effusion contain at one 
time a large, at another time only a small amount of a clear, usually 
light-yellow, rarely quite colorless, alkaline fluid, which at times con- 
tains a few fibrin flakes (see the chapter on Inflammation). Compressi- 
ble organs are compressed by the effusion, the body-cavities are dilated. 

A collection of fluid in the abdominal cavity is known as ascites. 

The albumin-content of pure transudates is not the same in all the 
body-cavities and (issues, but differs in a pronounced degree. Accord- 
ing to Reuss, the albumin-content of transudations of the pleura is 22.5 
pro mille ; that of the pericardium, 18.3; of the peritoneum, 11.1; of the 
subcutaneous connective-tissue, 5.8; of the cavities of the brain and 
spinal cord, 1.4. These facts may be taken as a proof of the different 
constitution of the vessel-walls in the various tissues of the body. 








The water of the organs and tissues, according to Heidenhain (“Versuche und Fra- 
gen zur Lehre von der Lymphbildung,” Arch. f. d. ges. Phye., 49 Bd., 1891, and Verh. 
10 
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des X. internat. med. Cong. ji., Berlin, 1891) consists of three parts—the water of the 
blood present, the lymph of the organ under consideration, and the water contained in the 
cells and fibres—the tissue-water. Under certain conditions the last-mentioned may 
undergo considerable variation, and can increase at the expense of the free water of the 
blood or lymph, or diminish in their favor. 

If the proportion of crystalloid substances (urea, sugar, salts) in the blood be in- 
creased, both the blood and lymph become at the same time richer in water; and this 
is possible only in that the substances injected into the blood pass into the lymphatics, 
and, by their affinity for the tissue-water, excite a passage of water from the tissue- 
elements. The rapid passage of the crystalloid substances from the blood into the 
lymph is accomplished with the aid of a force inherent in the capillary cells, and is not 
a simple diffusion-phenomenon. This is evident by the fact that the content of the 
lymph in sugar or salts is often greater than that of the blood. 


§ 42. According to their etiology we may distinguish four varieties 
of cedema: cedema from stagnation of the blood; edema caused by a hin- 
drance to the outflow of the lymph ; cedema caused by disturbance of the capil- 
lary secretion due to changes in the capillary walls; and @dema ex racuo. 
The third one of these varieties is designated by the practising physician 
as inflammatory, hydremic or cachectic, or neuropathic cedema, accord- 
ing to the clinical features of the case. 

(Edema due to stagnation of the blood arises when, as a result of 
the marked hindrance to the outflow of blood from the capillaries, the 
pressure in the capillaries rises and the fluid portion of the blood seeks a 
lateral outlet, so that an increased amount of fluid escapes from the ves- 
sels. The amount of the escaped fluid is the larger the greater the de- 
gree of discrepancy between inflow and outflow; it is therefore increased 
through a coincident increase of the blood inflow. 

The escaping fluid is always poor in albumin, but with increased 
pressure in the veins the albumin-content is increased (Senator); the 
fluid may contain also a greater or smaller number of red blood-cells, the 
number being increased in proportion to the degree of stagnation. 

The immediate result of an increased transudation from the blood- 
vessels is an increase in the lymph-flow, and this may be sufficient to 
carry off all the fluid. If it does not so suffice, the fluid collects in the 
tissue-spaces and there results the condition of stagnation-cedema or 
dropsy. According to Landerer, this occurrence is favored especially by 
the fact that the elasticity of the tissues becomes diminished:as the result 
of the long-continued increase of the pressure to which they are sub- 
jected. “ 

Obstruction to the outflow of lymph, as experiments in this direc- 
tion have shown, is not ordinarily followed by cedema. The lymph- 
vessels in the different regions of the body possess such extensive anas- 
tomoses that an obstruction to the outflow of lymph does not readily occur. 
Even when all of the lymph-channels of an extremity are obstructed, if 
the amount of lymph formed is normal there results no edema, inasmuch 
as the blood-vessels are able to take up the lymph again. Only the 
occlusion of the thoracic duct is likely to lead to a stagnation of the lymph 
and the production of oedema, particularly of ascites, but it must be ob- 
served that even in this case collateral channels may be opened up and 
suffice to carry off the lymph. 

Although lymphatic obstruction is not ordinarily sufficient in itself to 
produce wdema, yet it does increase an oedema caused by an increased 
transudation from the blood-vessels. 

Pathological changes in the walls of the capillaries and veins of 
such a nature as to cause an increase in the vascular secretion, and 
thereby give rise to an cedema, may occur as the result of a long-contin- 
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ued passive congestion and the consequent imperfect renewal of the blood. 
Such changes occur, however, much more frequently as the result of 
prolonged ischemia, lack of oxygen, action of high or low temperatures, 
traumatic injury, infection, and intoxication. It is also probable that either 
irritation or paralysis of the vasomotor nerves may lead to an increase of the 
vascular secretion. Just what changes the vessels suffer under these 
conditions we are not able to state precisely, but it may be assumed that 
some alteration of the endothelial cells and of the cement-substance plays 
the chief rdle. The cedemas produced by the influences above-mentioned 
may be classed according to their cause as toxic, infectious, thermal, 
traumatic, ischemic, neuropathic, etc.; and such a classification has 
much to commend it. Hitherto the forms of cdema here under consid- 
eration have been classed ordinarily into two groups—namely, inflam- 
matory and cachectic cedema. 

Inflammatory cdema is without doubt to be referred to an altera- 
tion of the vessel-wall, and occurs both as an independent affection, in 
the form of circumscribed or more diffuse swellings and hydropic effu- 
sions, and also as a coincident phenomenon in the neighborhood of severe 
inflammatory processes. In the latter case it is frequently designated 
collateral edema. Inflammatory cedema is distinguished from stagnation- 
cedema by the fact that the transuded fluid is markedly richer in albumin 
and in the number of «white blood-corpuscles present, and, further, in the fact 
that larger masses of coagula occur in it (see chapter on Inflammation). 
Its cause is to be sought sometimes in infectious and toxic, sometimes in 
thermal and traumatic influences, at other times in a temporary ischemia. 

As to hydreemic or cachectic cedema, it was formerly believed that 
hydrzmia—that is, the diminution of the solid elements of the blood— 
as well as hydremic plethora—that is, a retention of water in the blood 
—could directly cause an increased transudation from the blood-vessels. 
It was supposed that the vessel-walls behaved as dead animal mem- 
branes, and allowed a fluid poor in albumin to filter through more easily 
than one richer inalbumin. The vessel-wall is not, however, a lifeless 
animal membrane, but must be regarded as a living organ. An hy- 
drzmia experimentally produced does not, according to Cohnheim, give 
rise to an edema. Even when an hydremic plethora is produced by the 
over-filling of the blood-vessels with a watered blood, and there results 
an increased transudation from the vessels, eventually leading to cedema, 
the cedema so produced occurs only when the proportion of water in the 
blood becomes very high, and does not develop in the same regions where 
the so-called hydremic cdema in man appears. We must therefore as- 
sume that the oedema of cachectic individuals, as well as that occurring 
in individuals suffering from nephritis with impairment of renal fune- 
tion, depends essentially upon an alteration of the vessel-wall, which is 
caused either by the hydrsmic character of the blood or by a poison cir- 
culating in the blood. Probably other lesions of the tissue through 
which the elasticity of the tissue is diminished are also concerned (Lan- 
derer). Hydremia therefore favors the occurrence of edema, but is not the 
sole cause thereof, and, in particular, does not determine its localization. 

Hydremiec cedema is distinguished from inflammatory by the fact 
that the fluid is less rich in albumin and contains but few corpuscular ele- 
ments. 

(Edema ex vacuo occurs chiefly in the cranial cavity and in the spinal 
cord, and arises in all cases in which g portion of the brain or spinal cord 
is lost and not replaced by some ofher tissue. In atrophy of the brain 


154 DISTURBANCES OF THE CIRCULATION. 


and spinal cord the subarachnoidal spaces in particular become enlarged, 
occasionally the ventricles also. Local defects become filled either by a 
dilatation of the nearest: subarachnoidal spaces or of the adjacent por- 
tions of the ventricles, or through a collection of fluid at the site of the 
defect itself. 


According to Cohnheim and Lichtheim, injections of aqueous solutions of salt into 
the vascular system of dogs (Virch. Arch., 69 Bd.) show that hydremia does not pro- 
duce adema. If the mass of the fluids of the blood be increased, there results an in- 
crease of almost all the secretions (saliva, intestinal juices, bile, urine, etc.), and also of 
the flow of the lymph; the latter, however, not universally, in particular not in the 
extremities. In a high degree of hydremic plethora the abdominal organs become 
dropsicul, but never the extremities. Control-experiments recently carried out by 
Francotte confirm the observation that hydremic plethora artificially produced in ani- 
mals causes in the first place a dropsy of tlhe abdominal organs; but this observer was 
able to produce also an edema of the skin and subcutaneous tissues. 

The view that the so-called hydremic edema is merely the result of an increase in 
the absolute amount of water in the blood, is championed. especially by ton Reckling- 
hausen and by Pisenti. The distribution of the dropsy is, according to con Reckling- 
hausen, essentially dependent upon bodily position, external pressure, impeded circula- 
tion, difference in the innervation of different vascular areas, and the consequent 
difference in the fulness of their vessels. 

I can subscribe to these opinions only in so far as they apply to the influence of 
the above-mentioned moditying factors upon the distribution of the @dema, but not 
as regards the main point. or the other side s not only the experiments 
of Cohnheim and Lichtheim above mentioned, but the fact that in nephritic and 
cachectic individuals edema not infrequently appears at a time when no hydremic 
vlethora is present; and, further, in cases of hydremic plethora no edema may occur. 

therefore look upon the increase in the amount of water as only one factor which is 
favorable to the occurrence of @dema. 

According to the investigations of Pickhardt, pathological transudates constantly 
contain uric acid: the fluid of ascites about 0.0036 per cent; the fluid of edema, 0.0075 
per cent; and pleuritic exudates about 0.0015 per cent. Sugar is also constantly pres- 
ent, usually as dextrose. 

Effusions into the large serous cavities of the body occasionally present a milky appear- 
ance, or & certain degree of opalescence. This phenomenon is most often due to the 
presence of chyle (Aydrops chylosus), or of fat (hydrops adiposus or chyliformis), or of 
both. Moreover, the presence of different albuminoid bodies, mucoid substances 
(Hammarsten), casein-like bodies (Lion), lecithin (Mitchell, Mattiroli, Gross), may pro- 
duce cloudiness of the transudate. In so far as chyle is not the cause, the substances 
producing the cloudiness arise for the greater part from disintegrating cells. 

According to Heidenhain, the specific function of the capillary walls plays a con- 
trolling part in the formation of the lymph. Consequently, the lymph-production can 
be influenced by various substances present in the blood. The crystalloid substances 
are quickly eliminated from the capillaries, and cause a discharge of tissue-fluid into 
the lymph, as has already been mentioned in § 41. Hetdenhain has, however, found 
substances which, when injected, cause an increase in the transudation of water from 
the blood into the lymph. This may be accomplished, for example, with decoctions of 
the muscles of crabs and of fresh-water mussels, or of the heads and bodies of leeches, 
or through injections of peptone and egg-albumen. By these means the amount of 
‘Jymph flowing from the thoracic duct may be increased five-, six-, and fifteenfold. At 
the same time the amount of organic constituents in the lymph is increased. The 
active substances must therefore stimulate the specific function of the cells of the 
vessel-walls which secrete the lymph. According to these observations, it is probable 
that many of the affections of the skin described as neuropathic, and which are charac- 
terized by hyperemia associated with edematous swelling—as, for example, urticaria, 
erythema nodosum, herpes zoster—are to be regarded as symptoms of intoxications 
coupled with nervous affections and with disturbance of the secretory activity of the 
capillaries. It is also possible that the secretion of the capillaries may be directly af- 
fected by nervous influences. 

Asher and Burbera hold the view that the regulation of the transudation-process 
takes place not through the capillary walls, but through the vital activity of the tissue- 
cells. 

Magnus, on the other hand, on the ground of experimental investigation (infusions 
of physiological salt-solutions in normal animals, irrigation of dead animals after poi- 
soning with arsenic, chloroform, chloral hydrate, and ether, and after the removal of 
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the kidneysand ligation of the ureters), arrives at the following conclusions: The capil- 
lary walls during life offer a resistance to the passage of fluids; after death this resist- 
ance disappears. An injury to the capillary wall, and a diminution of its resistance, 
favor the occurrence of edema. There are poisons which are able to injure the capil- 
lary-wall in such a manner that it becomes abnormally permeable. 
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A collection of blood in the uterine cavity is designated as hemato- 
metra, in the pleural cavity as hemothoraz, in the tunics of the testicle as 
hiematocele, in the pericardium as hemopericardium. 

H:morrhages of the skin not caused by trauma are usually termed 
purpura (Fig. 28). Collections of blood and fluid beneath the epidermis 
in the place of the loosened deeper epithelial layers give rise to hemor- 
rhagic blebs. 

Recent extravasations show the characteristic color of either arterial 
or venous blood. Later the extravasate shows various alterations which 
are characterized particularly by color-changes. Suggillations of the 
skin become first brown, then blue, and green, and finally yellow. In 
the course of time the extravasate is absorbed (see Chapter V.), and dur- 
ing this absorption tissue-proliferation often occurs. Large collections 
of blood may become partly organized into connective tissue or may 
become encapsulated (see Chapter VII). 

A hemorrhage may occur, in the first place, from rupture of the 
heart or the vessel-wall—that is, per rhexin or per diabrosin. This is 
the only form of cardiac and arterial hemorrhage. From the capillaries 
and veins hemorrhage may occur also per diapedesin—that is, by a proc- 
ess in which the red cells escape through the vessel-wall without the oc- 
currence of a tear in the same. Very often such hemorrhages are small 
and of slight extent; in other cases the process continues for a longer 
time, and the infiltration of the tissues with red cells reaches a significant 
degree. Hsemorrhages by diapedesis are therefore not always small, 
hemorrhages by rhexis not always large. The rupture of a capillary 
or small vein does not give rise to a large hemorrhage; on the other 
hand, a hemorrhage through diapedesis can reach an important size. In 
a given case it is not always easy, and often impossible, to decide whether 
the hemorrhage has arisen through rhexis or diapedesis. 


The phenomenon of diapedesis may be observed under the microscope in the frog’s 
mesentery or in the web of its foot. If before the examination the efferent veins are 
ligated, the capillaries and veins are seen to be engorged with blood. After a certain 
time the red cells pass from the capillaries and veins (see Cohnheim, “ Allgem. Pathol.,” 
j., and Virch. Arch., 41 Bd.). Hering (Sitzungber. d. Wiener Akademie, 1868, Bd. 57) 
regurds the phenomenon as a filtration-process. As a result of the obstruction to the 
outtlow the blood seeks to escape laterally, and is forced through the vessel-wall. 

Exhaustive investigations in regard to diapedesis of the red corpuscles, as well as 
in regard to the escape of other elements of the body which have been introduced into 
the blood-vessels, we owe to Arnold (Virch. Arch., 58, 62, 64 Bd.). Arnold believes 
that we must assume the presence of openings in the endothelial tube at the point of 
exit of the corpuscular elements; these openings he designated as stigmataand stomata. 
Later he recognized the supposed openings to be local accumulations of the cement- 
substance between the endothelial cells. Under pathological conditions the cement- 
substance becomes softened and permits the passage of the red cells. 


x 44. The causes of interruption of continuity of the heart-wall 
and vessel-walls are in part traumatic injuries, in part increase of intra- 
vascular pressure, and in part diseased condition of the heart and vessel-wall. 
Increase of the blood-pressure in the capillaries and smallest veins can 
lead to rupture without the aid of vascular changes, particularly in the 
case of marked passive congestion. The heart, normal arteries, and nor- 
ınal veins of large size cannot be ruptured through increase of pressure 
alone, but abnormally thin-walled or diseased areas in either the heart, 
arteries, or veins may be so ruptured. Newly formed vessels are easily 
torn. 

Diapedesis may be caused by an increase of pressure in the capillaries 
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and veins, as well as by an increased permeability of the vessel-wall. If the 
outflow of the venous blood in a given vascular area be totally ob- 
structed, diapedesis of red cells from the capillaries and veins takes place; 
and this is to be regarded as a result of the increased pressure in the ves- 
sels. Diapedesis as a result of changes in the vessel-wall occurs particu- 
larly after mechanical, chemical, and thermal lesions of the vessel; and 
it may be assumed that certain poisons produce especially marked changes 
in the vessel-walls. Further, an abnormal permeability of the vessel- 
walls is also observed when for a long period the vessels have not been 
traversed by the blood-stream, and have suffered in their nutrition in 
consequence. 

When an individual shows a special tendency to hemorrhage, the 
condition is designated as hemorrhagic diathesis. Two forms may be 
distinguished—a congenital and an acquired. 

The congenital hemorrhagic diathesis or congenital hemophilia, 
which, as already mentioned in §$ 16 and 17, belongs to the diseases 
which may be inherited, depends most probably upon an abnormal con- 
stitution of the vessel-walls. The composition of the blood may also be 
pathological, so that a hemorrhage once started is not arrested, as usual, 
by the coagulation of the blood. 

An acquired hemorrhagic diathesis occurs, in the first place, in 
those diseases which are known as scurvy, morbus maculosus Werlhofii, 
purpura simplex, purpura (peliosis) rheumatica, purpura hemorrhagica, 
hemophilia, and melena neonatorum, and Moller’s or Barlow’s disease ; 
and, further, in many infections and intoxications—namely, septicemia, 
endocarditis, anthrax, typhus fever, cholera, smallpox, plague, acute 
yellow atrophy of the liver, yellow fever, nephritis, phosphorus poison- 
ing, after snake-bites, ete. ; and, finally, also in pernicious anemia, leu- 
kemia, and pseudoleukemia. In the first group of diseases named—all 
of which are characterized by hemorrhages in the skin, mucous mem- 
branes, and parenchyma of other organs and tissues (in Barlow’s disease, 
which often occurs in children of from one and one-half to two years old 
in association with rickets, the hemorrhages are subperiosteal )—the cause 
has been generally supposed to lie in disturbances of nutrition and of the 
circulation ; but recent observations make it very probable that these 
affections, at least in a great part, belong to the infectious diseases. W. 
Koch is of the opinion that seurvy is an infectious disease, and that the 
different forms of purpura, erythema nodosum, and the hemorrhages oc- 
curring in the new-born represent varieties of this infection. In the last 
few years bacteria have been repeatedly found in these conditions— 
namely, purpura hemorrhagica and the hemophilia of the new-born. In 
this connection should be mentioned especially the investigations of Kolb, 
Babes, Gartner, Tizzoni, and Giovannini, who have found in these dis- 
eases certain bacilli which were pathogenic for animals, and which, when 
inoculated into the latter, produced a disease characterized by heemor- 
rhages. These diseases are also associated with other infections charac- 
terized by hemorrhages, and it may be assumed that the hemorrhages are 
in part caused by local changes of the vessel-wall which are due to local de- 
velopment of bacteria, and in part to the injurious influence of the toxic sub- 
stances produced by the bacteria themselves. 

The hemorrhages occurring in anemic conditions are to be regarded 
as the result of anaemic degeneration of the vessel-wall, though partly also 
as a result of eireulatory disturbances. 

A number of apparently spontaneous hemorrhages are connected with 
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irritation or paralysis of the vasomotor nerves, arising either from the cen- 
tral nervous system or by reflex action, or through lesions of the con- 
ducting nerve-fibres. In this category belong the hemorrhage of men- 
struation, many forms of hemorrhage from the nose, intestine, and 
urinary bladder, also hemorrhages from the conjunctiva, skin (stigmati- 
zation), from the normal kidney, mammary glands, from hemorrhoids, 
wounds, etc. Further, certain hemorrhages from the lungs following 
severe cerebral lesions are also to be considered in this connection, 
though in a given case it is not always possible to judge with certainty, 
since disturbances of respiration, as well as the aspiration of irritating 
substances into the lungs, may likewise lead to hyperemia and to hemor- 
rhages in the lung. Finally, in cerebral disease, particularly in disease 
of the crura cerebri, there occur hemorrhages from the stomach and in- 
testines, which are dependent upon the cerebral lesion. According to 
von Preuschen, the condition known as melena neonatorum, which is 
characterized by the occurrence of gastric and intestinal hszmorrhages 
during the first days of extra-uterine life, belongs also in this category, 
inasmuch as during labor hemorrhages and effusions into the brain and 
its membranes not infrequently occur, as a result of which the intestinal 
hemorrhages follow. By others (Gärtner) melena neonatorum is re- 
garded as an infectious disease. 

Heemorrhages per rhexin cease when the extravascular pressure comes 
to equal the pressure within the bleeding vessel, or when the narrowing 
of the vessel and the processes of coagulation and thrombosis close the 
rent. Hemorrhage by diapedesis ceases through a cessation of blood-sup- 
ply to the bleeding vessel, or when the abnormal intravascular pressure 
is lowered and the vessel-wall is restored to its normal state. 
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$ +45. The sudden closure of an artery by thrombosis, or embolism, 
or by ligation, or by any other means, leads, as has already been stated 
(2 37), to a stoppage of the circulation beyond the point of obstruction, 
after the vessel has more or less completely emptied itself by the con- 
traction of its walls. At the same time there is an increase of pressure 
in the vessel from the point of obstruction back to the point of divergence 
of the nearest arterial branch. If the branches of the artery beyond the 
point of obstruction have free arterial communication with some other 
unobstructed artery, the latter by becoming dilated may be able to sup- 
ply a sufficient amount of blood to the affected area and the circulation 
is thus restored. 

If the area of the obstructed artery has no collateral connections 
through which it may draw its blood-supply, the portion of tissue de- 
prived of blood remains anemic and dies, thus giving rise to an ansemic 
infarct. Parenchymatous organs—as, for example, the spleen and the 
kidneys— present in such infareted areas a cloudy, opaque, yellowish- 
white, often clay-colored appearance. The microscopical examination 
shows that the tissues are dead, the nuclei no longer staining (Fig. 29, c, 
d,e,f, g). 

When the area of distribution of the obstructed vessel possesses no 
collateral anastomoses, as in the case of a terminal artery, but if, on the 
other hand, there is a scanty influx of blood from neighboring capillaries 
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of the superior mesenteric artery, whose branches, though not terminal 
arteries, possess but few anastomoses. Anamic infarcts occur especially 
in the spleen, heart, kidneys, and retina, Around the periphery of the 
anemic area there is always more or less hemorrhage, so that the pale 
area of the infarct is surrounded by a hemorrhagic border or at least by 
hemorrhagic spots (Fig. 29, g). The necrotic tissue, furthermore, becomes 
infiltrated with fluid, and may therefore swell (Fig. 29, d) and show 
granular or thready coagula in its spaces (Fig. 29, c). In the case of 
obstruction of the cerebral arteries or those of the extremities, or the 
tral artery of the retina punctate hemorrhages may also occur. 
hin the infarcted area the tissues are wholly or for the greater part 
dead, and the specific elements of the organ in particuiar (Fig. 29, c, d), 
die quickly. After a time an exudative inflammation arises in the 
neighborhood of anzemic and hemorrhagic infarcts, with the formation 
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of a cellular (Fig. 29, f) or a cellular and fibrinous exudate (Fig. 30, ¢); 
and this is followed by tissue-proliferation through which the dead, 
hemorrhagic area is gradually absorbed and replaced by connective 
tissue (see Part II. of Chapter VII). 
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Von Recklinghausen considers the principal factor in the formation of a hamor- 
rhagic infarct to be a hyaline thrombosis of the capillaries of the obstructed area. If 
blood subsequently enters from neighboring vessels into the still pervious vessels of 
the area, it encounters resistance, becomes stagnant, and then escapes from the vessels. 
According to Kleba (Schweizer Arch. f. Thierheilk., 28 Bd., 1886), emboli introduced into 
the circulation of animals lead to the formation of infarcts, only when blood rich in 
ferment is injected after the embolus, or when substances exciting coagulation are 
mixed with the obstructing plug. 

Embolic hemorrhagic infarcts of the lung occur in man, especially in passive 
congestion of the lungs; the introduction of emboli into the pulmonary arteries of 
animals with normal pulmonary circulation is not followed by infarction. The essen- 
tial cause of the escape of blood in the case of hemorrhagic infarction lies in the stag- 
nation of the blood in the affected area, and in the degeneration or death of the tissue and 
the blood-vessel walls. The latter change may be recognized with certainty through 
the disappearance of the nuclei (Fig. 30, a). Secondary thrombosis in the vessels of the 
obstructed area (Fig. 80, c) is of frequent occurrence, and increases the stagnation and 
hemorrhage, but thrombi are not always present at the time of the hemorrhage, and, 
therefore, cannot be regarded as the essential factor in the production of the latter. 

According to investigations by Orth, hemorrhagic infarcts may be produced in dogs 
through the introduction of chemically irritating emboli into the pulmonary arteries. 

In the lungs, in conditions of passive congestion and inflammation, there not infre- 
quently occur extensive hemorrhages, which, in case they are restricted to a circum- 
scribed area, closely resemble infarcts. They are usually less sharply outlined and less 
arm. so that in the majority of cases they are easily distinguished from the embolic 

arcts. 
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VI. Lymphorrhagia. 


X 46. Lymphorrhagia occurs when the continuity of a lymph-vessel 
is interrupted at any point and the lymph is poured out into the neigh- 
boring tissue. Since the pressure in the lymph-vessels is very low—that 
is, not greater than in the surrounding tissues—an outflow of lymph 
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from a lymph-vessel can occur only when the injured vessel lies on the 
external surface, or when a natural cavity is at hand into which the 
lymph can flow, or when, through the same cause producing the rupture, 
an open space is formed at the same time in the tissues. So, for exam- 
ple, an escape of lymph together with the blood may take place from 
wounds, but the outflow is stopped by very slight counterpressure. If, 
after the wounding of a lymphatic, the opening persists, so that there is 
a permanent outflow of lymph, escaping externally (as in ulcers) or into 
one of the body-cavities, there is formed a Iymph-fistula, through which 
considerable quantities of lymph may be lost. Most important and also 
most dangerous is the rupture of the thoracic duct, which occurs sometimes 
as the result of traumatism, and occasionally as a result of an obstruc- 
tion to the lymph-flow at some point in the lumen of the duct (after in- 
flammation or in the course of the growth of tumors). The lymph is 
poured out into the thoracic or abdominal cavity, giving rise to a chylous 
hydrothorax or a chylous ascites, or in very rare cases to a chylopericardium. 


In very rare cases it happens that the urine, as it comes from the bladder, has the 
appearance of a milk-white, or a yellowish, or, through the admixture of blood, a red- 
dish emulsion; and contains besides albumin a large quantity of finely-divided fat- 
droplets. This phenomenon is known as chyluria. It occurs as an endemic disease 
in certain tropical regions (Brazil, India, the Antilles, Zanzibar, Egypt) where it is 
caused by a parasite, the Filaris Bancrofti, which inhabits the lymph-vessels of the 
abdominal cavity and there produces its embryos (Filarta sangutnts); these, during the 
repose of the patient in a horizontal position, swarm in great numbers in the blood, 
and are also found in the chylous urine. The connection between the chyluria and the 
invasion of the lymph-vessels has not yet been satisfactorily demonstrated by anatomi- 
cal investigations; but it is probable that the chyle-like fluid does not come from the 
blood and through the kidneys; but, as a result of the obstruction in the lymph-circu- 
lation, chyle escapes from ruptured lymphatics of the bladder and mingles with the 
urine (Scheube, Grimm). Tn corroboration of this view is the fact that, at autopsy, the 
abdominal lymphatics exhibit marked dilatation (//arelburg), while the kidneys are but 
little changed; and further, according to an observation made by Havelburg, the urine 
obtained from the ureter showed no admixture of chyle, though chyluria was present 
at the same time. j 
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CHAPTER V. 


Retrograde Disturbances of Nutrition and Infiltra- 
tions of the Tissues. 


I. General Considerations Concerning the Retrograde Disturbances 
of Nutrition and the Tissue-Infiltrations. 


§ 47. The retrograde disturbances of nutrition are characterized in 
general by degeneration of the affected tissue, often also by diminution in 
size and disappearance of the individual tissue-elements, the functional capac- 
ity of the tissue being, at the same time, lowered. 

The tissue-infiltrations are characterized essentially by the deposit in 
the tissue of pathological substances which have either been formed within 
the body or introduced into it from without. The functional capacity of 
the part affected is likewise usually diminished. The infiltration is often 
only a result of preceding degenerative changes, or may itself constitute the 
chief feature of the degeneration. 

Retrograde disturbances of nutrition may affect the body in its fully 
developed state, or during its period of development and growth; and in 
either case may lead to an abnormal smallness of the affected organ or 
tissue. In the former case the diminution in size is due to a disappear- 
ance of the individual elements of the affected tissue, and is designated 
atrophy. In the latter case, on the other hand, it is due to a defective 
development of the affected organ, as shown by a more or less rudimen- 
tary condition of its elements. If in this way an organ or a part of an 
organ wholly fails of development, so that it is totally absent or at least 
is represented only by its rudimentary anlage, the condition is designated 
agenesia or aplasia. But if the development of the affected part is of a 
certain degree, yet not reaching the normal, the condition is known as 
hypoplasia. 

The causes of agenesia and hypoplasia are partly intrinsic, and 
partly extrinsic—that is, the stunting and imperfect development of an 
organ may depend as well upon a pathological condition of its anlage, 
as upon external injurious influences which may affect the developing 
part. The disturbance of development may further affect either the 
whole body or only a part of the same. In the first case there results a 
dwarf; in the second, a stunting of individual parts or organs. 

The causes of the tissue-degenerations and the associated atrophy 
are for the greater part to be found in extrinsic harmful influences to 
which the tissues are exposed during life; but they may also depend 
upon intrinsic conditions. This latter is particularly the case when the 
tissues in old age reach their physiological limit and gradually become 
incapable of properly nourishing and preserving themselves. In many 
tissues a similar retrograde change, due to intrinsic causes, occurs earlier 
in life, as, for example, physiologically in the ovary and thymus. 

As extrinsic harmful influences which may lead to degenerations 
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should be considered all those agencies mentioned in Chapter I. Dis- 
turbances of circulation, lack of oxygen and food supply, and intoxica- 
tions play a very important role. In the majority of cases degenerations 
are localized, so that we may speak of degenerations of special tissues 
or of special organs. Not infrequently the disturbances of nutrition 
are more general, so that the entire organism suffers. Thus the picture 
of a general disease may be produced by a degenerative or atrophic con- 
dition of the blood—that is, a diminution in the number of red blood- 
cells (oligocythzemia), at times also a deficiency of hemoglobin (chloro- 
sis), so that a permanent condition of insufficient blood-supply or a 
general anzemia is produced, the nutrition of the body being corre- 
spondingly impaired. 

As the result of a diminished ingestion of food, or of disturbed me- 
tabolism, and of an increased waste of the proteids and fats of the body, 
there may result a condition of general emaciation and weakness, often 
associated with anemia, a wasting of the entire body, which is designated 
cachexia or marasmus. If under such circumstances it appears likely 
that certain substances are formed in the body, which, when taken up 
into the blood and tissue juices, cause a contamination or alteration of 
these, the condition may be spoken of as a dyscrasia. 
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li. Death of the Organism. . 


$ 48. AI life comes sooner or later to an end—to death. When this 
occurs at an advanced age, without preceding well-defined symptoms of 
disease, it may be regarded as a normal termination of life. This occar- 
rence may be attributed, at least in part, to the fact that the functions of 
certain organs necessary to the maintenance of life, become discontinued 
as the result of intrinsic causes; although in most cases it is impossible . 
to exclude the influence of extrinsic influences in helping to bring about 
the cessation of function of the organs in question. 

When death occurs prematurely—that is, at an age earlier than the 
average age of death in man—and when preceded by symptoms of dis- 
ease, it must be regarded as a pathological phenomenon. Its occurrence 
under these circumstances is for the most part referable to demonstrable 
extrinsic influences, but at times may be dependent also upon intrinsic 
inherited causes. It is obviously impossible to draw any sharp line of 
separation between physiological and pathological death. 

The causes of premature—that is, pathological—death are to be found 
in those influences, which have been discussed in Chapters I. and IT. as 
the causes of disease. 
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An individual is to be regarded as dead when all of his functions 
have forever ceased. Death is inevitable at that instant in which one or 
more of the functions imperatively necessary to life has ceased, though 
it is not necessary that at that moment all the functions should have 
ceased. Indeed, it often happens, that after life is irretrievably lost, 
many organs are still capable of performing their function, and it is 
only after a certain time that all the organs die. The life of the organism 
passes gradually, by progressive cessation of the functions of its different or- 
gans, into the state of death. 

Cessation of the functions of the heart, lungs, and nervous system 
results in an immediate death of the entire organism. Cessation of the 
functions of the intestines, liver, or kidneys leads inevitably to death 
after a certain length of time, often measured by days. Destruction of 
the sexual glands does not endanger the life or health of the affected indi- 
vidual, and likewise man may also spare one or more of his organs of 
special sense. 

The occurrence of death is usually determined by the last recogniz- 
able efforts at respiration and by the stoppage of the heart. With the 
cessation of respiration it is impossible for any organ to remain alive 
after a certain short period. The stoppage of the heart likewise makes 
impossible any further nourishment of the tissues, in consequence of 
which the central nervous system very quickly becomes unable to con- 
tinue its functions. 

After death the body may present a variety of appearances. The 
aspect of the external visible portions is largely dependent upon the dis- 
tribution of the blood at the time of death. An abundant supply of 
blood in the skin gives it a blue-red color, ansemia gives it a pale color. 
Further, the preceding disease may alter the external appearance of the 
body in different ways. 

Within a certain time after death various changes occur in the tis- 
sues of the body, which in part may be regarded as the absolute signs 
of death. In the first place the temperature of the body falls, sometimes 
rapidly, at other times slowly, until it reaches the temperature of the 
surrounding air. It must be borne in mind, however, that the temper- 
ature at times does not begin to sink immediately after death, but first 
rises somewhat. The rate of cooling of the body depends partly upon 
the character of the body itself, and partly upon the nature of its sur- 
roundings, The time required may vary from one to twenty-four hours. 

The coldness of the dead body is termed algor mortis. 

At the time of death the skin for the greater part becomes pale; but 
after six to twelve hours, sometimes earlier, bluish-red spots appear on 
the skin over the dependent parts of the body. These are known as the 
death-spots or livores mortis (post-mortem hypostasis), and are due to the 
local accumulation of blood in the veins and capillaries of the more de- 
pendent portions. They are not found in those parts of the body sub- 
jected to the pressure of the weight of the body. Their number and size 
depend upon the amount of blood in the skin at the time of death. 
Parts which have been cyanotic during life may retain this appearance 
after death, especially the head, fingers, and toes. The color of post- 
mortem hypostasis is usually blue-red; the intensity of the color varies; 
in cases of poisoning with carbon monoxide it is a bright red. 

The weight of the body causes flattening of those muscular parts upon 
which it rests. 

Sooner or later there occurs a stiffening and contraction of the mus- 
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cles, due to the coagulation of the contractile substance (Bruecke, 
Kühne). This is known as the cadaveric stiffening or rigor mortis. It 
usually comes on about four to twelve hours after death, but may occur 
almost immediately, or as late as twelve to twenty-four hours. It begins 
usually in the muscles of the jaw, throat, and neck, and extends from 
them to the trunk and extremities. After twenty-four to forty-eight 
hours it usually vanishes, but under certain conditions may persist for 
several days. 

Rigor mortis affects also the smooth muscle fibres; and the contrac- 
tion of these in the skin gives rise to the so-called goose flesh of the 
cadaver. 

The decomposition of the cadaver begins with the disappearance of the 
rigor mortis. Its occurrence is shown partly by the odor of putrefaction, 
partly by changes of color in the skin and mucous membranes, and through 
changes in the consistency of the tissues. The commencement and prog- 
ress of putrefaction depend partly upon the condition of the boedy-nutri- 
tion and the nature of the disease preceding death, partly upon the 
conditions of the surroundings, especially the temperature. Not infre- 
quently putrefaction may occur in local dead areas of the body, even 
before death of the body as a whole. When putrefactive bacteria are 
present in the body, decomposition of the cadaver may begin immedi- 
ately after death. 

As an early sign of decomposition there is usually present a greenish 
discoloration of the skin, appearing first over the abdomen. With the 
progress of putrefaction the unpleasant odor and discoloration increase; 
and gases are formed in the intestine, later in the blood and in the tis- 
sues, which at the same time become soft and friable. 

Shortly after death the cornea becomes lustreless and cloudy, the eyeball 
loses its prominence, and dark spots appear in the sclera, which, gradually 
increasing in size, become confluent. ' These changes are due to evapor- 
ation and decomposition. If the eyelids are not closed, the uncovered 
portions of the eyeball show the results of drying. Whenever the skin has 
lost its epidermis the exposed tissues undergo desiccation. 


If all of the phenomena of life be reduced to a minimum, there may result a condi- 
tion of apparent death which may be mistaken for real death. Though post-mortem 
hypostasis, rigor mortis, and putrefaction are unmistakable evidences of death, these 
changes may not take place until some time after death, so that an interval is left dur- 
ing which it may under certain conditions be doubtful as to whether death has actually 
occurred, To ascertain the true condition under such circumstances it must be de- 
termined by appropriate examination whether the heart still beats, whether respiration 
still takes place, whether the blood still circulates, and whether the nerves and muscles 
retain their irritability. 

Conditious which are designated as apparent death occur under a variety of cir- 
cumstances, as, for example, in individuals suffering from cholera, in cases of cata- 
lepsy, hysteria, after excessive bodily exertion, violent concussion of the central ner- 
vous system, after severe hemorrhage, suspension of respiration through hanging. 
strangulation, or drowning, in certain cases of poisoning, after lightning-stroke, after 
prolonged exposure to cold, ete. The duration of this condition is usually only short, 
but may occasionally be extended over several hours or even days. 

According to the investigations of Fuchs (* Teber Todtenstarre,” Zeitschr. f. Heil- 
kunde, 1900), the heart is the first muscle to show rigor mortis, this organ being affected 
at a time (in animals, after three to tive hours) in which rigor mortis cannot be demon- 
strated in any of the skeletal muscles. . 
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III. Necrosis. 


§ 49. The condition of local death, or death of individual cells or 
groups of cells, is known as nesrosis. As the result of necrosis the 
functions of the affected tissue are forever lost. 

The necrosis of a cell-group or of an entire organ is only under cer- 
tain conditions immediately associated with recognizable changes of 
structure. The slight histological changes which the cells undergo dur- 
ing their death do not always permit us to determine with certainty the 
exact moment of cessation of life; nor does the macroscopic appearance 
of the visible portions of the body always inform us when a portion 
therevf becomes necrotic. 

Necrosis is therefore evident upon anatomical investigation only when 
certain changes in structure have occurred, either coincidently with the 
death or subsequently thereto. Necrosis is shown immediately by histo- 
logical changes only in the case of the action of a limited number of in- 
jurious agencies; in all other cases the necrosis is followed by such 
changes after a longer or shorter interval. According to the nature of 
the subsequent tissue-changes it is possible to distinguish different varie- 
ties of necrosis. 

Histologically the necrosis of a cell is shown in the first place by the 
disintegration and disappearance of the nucleus, whereby the chromatin of 
the cell—that part taking nuclear stains—forms small clumps and gran- 
ules which at times pass out from the nucleus into the cell-protoplasm, 
where they become dissolved and disappear (karyorrhexis). At other 
times the nucleus before its disappearance shows signs of shrinking, and 
in this condition takes the nuclear stain more deeply than under normal 
conditions (pyknosis). In other cases the nucleus retains its form but loses 
ils staining power with nuclear stains, and then dissolves and disappears 
(Fig. 31, c, d), so that in well-fixed and stained preparations no trace 
whatever of the nucleus can be found (Karyolysis). Thus, for example, 
in an anemic infarct of the spleen or kidney caused by arterial embolism 
the nuclei of the spleen and kidney cells are lost very soon after the 
death of the tissue (Fig. 29, c, d, f, g). At the same time the affected 
area becomes strikingly pale, cloudy, yellowish-white, or cream-colored ; 
so that the occurrence of the necrosis may be recognized by the naked 
eye. 

The protoplasm of the dying cells sooner or later also undergoes 
changes, which, according to the mode of death, may in sone cases begin 
before the cells die, or in others may take place only after the cells are 
dead. The kind of change is dependent upon three factors: the nature 
of the cells themselves, the character of the destructive influence, and 
the amount and character of the fluids surrounding and infiltrating the 
cells. Ameeboid cells usually assume a globular form after death. Deli- 
eate and only slightly modified cell-bodies, rich in protoplasm, often 
become, before or after death, markedly granular, less frequently homo- 
geneous and lumpy. Through the taking-up of fluid the protoplasm or 
even the nucleus may become sicollen and show drops of fluid (vacuoles) ; 
and this may lead to breaks in the continuity of the protoplasm (plasmos- 
chisis). Not infrequently as a result of plasmoschisis portions of the cell 
may be extruded or cut off by constriction. The ultimate end of all these 
changes is the disintegration of the protoplasm and the nucleus into grandar 
masses, this process being often accompanied by a formation of fat. 
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Cells which normally undergo a marked transformation, as is the case 
with cells showing cornification, usually present less striking changes; 
yet even these may swell and finally become dissolved. The morphologi- 
cal changes in dead cells are the least pronounced when the dying cells 
become more dense and dry (inspissation). In this case the cells only be- 
come smaller, yet it is often seen that after the loss of the nucleus the 
cells become changed into lumpy masses. 

The injurious influences which may give rise to necrosis may be 
divided into five groups. The first two include those which destroy the 
tissue directly—mechanical and chemical forces. Thus, for example, 
a finger may be crushed by extrinsic violence, and a portion of the skin 
may be destroyed by sulphuric acid. A third group of injurious influ- 
ences comprises those of a thermal character. The elevation of the 
temperature of a tissue to 54°-68° C. for any length of time leads to its 
death. Higher temperatures act. 
more quickly. Refrigeration to 
low temperatures likewise can be 
borne butashort time. A fourth 
group is caused by infection with 
animal or vegetable parasites. 
A fifth group is caused by a 
cessation of the supply of nour- 
ishment and oxygen to the 
tissues, and is known as anaemic 
necrosis or local asphyxia. 

By many writers there is rec- 
ognized besides these groups an 
especial one designated as neu- 
ropathic necrosis—that is, a 
necrosis resulting from a lesion 


of the central or peripheral ner- pq, 31.—Necrosis of the epithelium of the urinary 
By some this form tubules in icterus gravis. (Müller's uid, gentian 
is believed to be dependent essen- orten of ihe Co oruted, tubule with nenrune 
tially upon a lesion of the troph- cn: an tubule with only a Par of 
ic nerves, while by others it is veweis. ™ 

attributed to disturbances of the 

circulation, constant pressure, and mechanical injury of anssthetic and 
paralyzed portions of the body. According to the observations thus far 
made upon man, and the experiments carried out upon animals, ex- 
ternal injuries and disturbances of the circulation play an important 
part in the production of this form of necrosis, and can never be wholly 
excluded. 

All those factors which seriously affect the circulation within any part 
and lead to a stoppage of the blood-supply—such as thrombosis, embolism, 
closure of a vessel as a result of continued abnormal contraction, disease 
of the vessel-walls, or ligation, pressure on the tissue, inflammation, hem- 
orrhage, ete., may lead to necrosis of tissue. Not only a permanent 
cessation of the circulation, but also a temporary stoppage of the same 
lasting beyond a certain time, leads to the death of the affected tissue. 
Whether or not hemorrhage occurs in such cases is immaterial, as was 
stated in § 45, and influences only the appearance of the affected part. 
Hemorrhagic infarction has, therefore, precisely the same significance as 
an anemic necrosis associated with haemorrhage. 

When death follows quickly upon the action of an injurious agent, 
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it is spoken of as direct necrosis. When it occurs slowly and is pre- 
ceded by different tissue-degenerations it is designated indirect necrosis 
or necrobiosis. 

Mechanical, chemical, thermal, and infectious sources of injury, as 
well as anemia, may act coincidently, or separately, one after the 
other. When the tissue is damaged by any one of the first-named 
group of injurious influences, the blood itself very often suffers a 
change, which leads to stasis and coagulation in the capillaries, as well 
as in the veins and arteries, and in this way the circulation may be 
arrested. 

Whether or not a given injury will cause necrosis of the tissue de- 
pends, not only upon its nature and severity, but also chiefly upon the 
condition of the tissue at the time of the injury. A tissue whose vital- 
ity has already been lowered as the result of long-continued disturbances 
of circulation, general marasmus, hydremia, changes in the composition 
of the blood, etc., dies more easily than whenin a normal condition. In 
severe cases of typhoid fever relatively slight pressure on the trochanters, 
elbows, sacrum or heels, etc., may suffice to bring about a gangrenous 
necrosis of the skin and subcutaneous tissues. Such forms of necrosis 
are known as marasmic necrosis or marasmic gangrene, and as decu- 
bitus or decubital necrosis. 

The course of necrosis—that is, the tissue-changes resulting from the 
death of cells—is dependent upon the character of the affected tissue, its 
location, the manner of its death, and the cause of the necrosis. Further, 
the amount of lymph and blood in the tissue, and the opportunity afforded 
for the access of air and putrefactive organisms, also exert a very im- 
portant influence. Tissue-changes which preceded the necrosis, such as 
fatty degeneration, inflammation, hemorrhage, etc., are also of signifi- 
cance in determining the character of the necrosis. 

As the result of the necrosis of a certain tissue-area, there always 
develops an inflammation of greater or less intensity in the surrounding tissues 
(Fig. 29, f and Fig. 30, e). This reactive inflammation is most marked 
when the necrotic area becomes gangrenous. Through the formation of 
an inflammatory zone the necrotic grea becomes marked off from the 
surrounding tissue, and is isolated or sequestrated ; this process is spoken 
of as a sequestrating or limiting inflammation, and the dead area thus shut 
off is called a sequestrum. A more detailed description of these inflam- 
matory processes will be found in Chapter VII. 

Excluding the more especial complications of necrosis, such as the 
development of specific irritating substances, five chief sequelz of ne- 
crosis may be distinguished: 1. The dead tissue may be removed by 
absorption, or may be cast off from the surface, and its place taken by nor- 
mal tissue (regeneration). 2. The dead tissue is similarly removed, but 
instead of the normal tissue being restored, the defect: is filled wholly or 
in part by the formation of connective tissue, the so-called cicatricial 
tissue. 3. The necrotic tissue is cast off or liquefied (as in the formation 
of a gastric ulcer through the digestion of the dead part), the defect. is 
not filled in, and there remains an ulcer. 4. The necrotic tissue is partly 
absorbed, but a portion remains as a sequestrated necrotic mass which 
not infrequently later becomes calcified and surrounded by a connective-tis- 
sue capsule. 5. The area becomes encapsulated by connective tissue, the 
dead tissne becomes absorbed or liquefied, and the space becomes filled 
With fluid, forming a cyst. This sequela of necrosis occurs most fre- 
quently in the brain. 
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The time required to kill tissue by the shutting-off of the circulation varies with 
the different tissues. Ganglion-cells, kidney epithelium, and liver-cells die in two 
hours, while skin, bone, and connective tissue may live for twelve hours or longer. 
Epidermis under certain conditions may remain alive for a number of days, and stili 
retain its power of proliferation (see Transplantation). 

The cause of the above-mentioned nuclear changes and of the disappearance of the 
nucleus is to be found in the infiltration of the necrotic tissue with lymph. These 
changes do not occur in those tissues to which, after necrosis, the lymph no Jonger 
vbtains access. In putrefaction the nuclei disintegrate and disappear very rapidly. 
According to Fr. Kruus, tissue preserved under aseptic precautions, and protect 
bacteria in moist chambers at the body-temperature, also loses its nuclei. Liver-tissue 
(Goldmann) shows this change most rapid and completely, the tissues of the spleen 
and kidney more slowly and less completely, so that all nuclei may not have P- 
peared after eight to fourteen days, The disappearance of the nucleus occurs only 
the presence of a relatively abundant supply of fluid (Goldmann), and may be pre- 
vented by desiccation of the tissue. 


§ 50. According to the various conditions in which the tissues may 
be found after they have died, four chief forms of necrosis may be distin- 
guished: coagulation-necrosis, caseation, liquefaction-necrosis, and gangrene. 

Coagulation-necrosis (Weigert, Cohnheim) is characterized by the 
occurrence of coagulation, either eztracellular, in the fluids about the 
cells; or intracellular, in the latter 
case leading to peculiar changes with- 
in the cells, 

As coagulation-necrosis with extra- 
cellular coagulation may in the first 
place be regarded both the intravas- 
cular (Figs. 13-16) and the extravas- 
cular (Fig. 30, d) coagulation of the 
blood, inasmuch as this phenomenon 
may be regarded as the death of the 
blood; and in fact a destruction of 
cells does occur. Further, there may 
ort, B,oraeatonncrats m he, mer he considered as belonging to this 
EN ee aoa ined tartans Class the various forms of coagulation 
cells, BU, which occur in inflammations, partly 

on the surface and partly in the in- 
terior of the tissues (see Chapter VII.); and which are characterized by 
the formation, in some cases, of stringy fibrin (Fig. 32), in other 
by the formation of granular or hyaline masses of coagula. 

Intracellular coagulation occurs when dead cells or cell-products are 
infiltrated with a fibrinogen-containing lymph. The cells lose their nu- 
clei, present either a granular (Fig. 29, e, d, e, and Fig. 31, ec, d) or a 
hyaline lumpy appearance. They remain in this condition for a certain 
time and then break down into granules and become dissolved. 

This phenomenon is most frequently observed in anemic, toxic, and 
thermal tissue-necroses, as for example, in anemic infarcts of the kidney 
en, also in many inflammations which are asso- 
Itration of the tissues (Fig. 32) due to exudation 
the blood-vessels. In the necrosis of striped muscle, which is of 
frequent occurrence in typhoid fever, the contractile substance 
a a hyaline waxy appearance and breaks up into hyaline lumps 

Fig. 33, D). 
( The necrotic tissue of anemic infarets looks pale yellowish-white, or 
cream-colored. Muscles containing many dead fibres in a state of hya- 
line coagulation are pale red, and of a dull lustre, resembling fish-flesh. 
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condition is designated dry gangrene (gangrena sicca) or mummifica- 
tion. When the dead part remains moist, the terms moist gangrene 
(gangrena humida) or sphacelus may be applied. If through the agency 
of bacteria there occurs a foul-smelling putrefaction, the condition is known 
as a putrid gangrene (yangrena fetida). Development of gas-bubbles 
asa result of the putrefactive changes leads to emphysematous gan- 
grene (gangrena emphysematosa). 

Moist gangrene and putrid gangrene are in general identical, since 
bacteria can develop only in moist tissues. Nevertheless a dry gangrene 
is not infrequently a putrid gangrene, since bacteria may develop in the 
tissue before drying takes place. Dry gangrene may also develop from 
a moist gangrene, or through the absorption of water become changed 
into the latter. . 

When the dead tissue, in either mummification or moist gangrene, 
contains a large amount of blood, it appears black, dark brown, or 
greenish-black in color, and is then called black gangrene. If, on the 
other hand, the dead tissues are anemic, the condition is sometimes 
spoken of as white gangrene, although there is more or less discolor- 
ation of the dead part, so that the expression is often inappropriate. 

In the case of gangrene of superficial parts of the body, there may be 
distinguished, according to the temperature of the dead part, a cold and 





Fic. 37.—Dry gangrene of the toes, due to narrowing and closure of the arteries through artertosclerosis. 


a warm or hot gangrene, the latter designation being used when the gan- 
grenous area is kept warm by the blood flowing through the neighboring 
tissues. 

Gangrene may be caused by external injuries, heat, cold, corrosives, 
crushing, pressure, infection, etc., as well as by disturbances of the'cir- 
eulation. 

Gangrene due to disturbance or arrest of the circulation occurs not 
infrequently in old people (senile gangrene), involving the extremities, 
particularly the toes, feet, and legs. It is usually of the dry variety, 
and is dependent upon general disturbances of the circulation and nar- 
rowing of the arteries of the extremities through thickening of the 
arterial wall (Fig. 37). The dying parts appear bluish-black from the 
damming-back of the blood. General disturbances of the circulation, 
as in heart-disease and embolism of the arteries may cause similar 






changes, 
Gangrene from cold affects chiefly the tips of the extremities, nose, 
and ears, and is characterized by changes similar to those described above. 

Gangrene from heat is confined to the area directly affected by the 
heat. 


m 
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Pressure-gangrene or decubitus (bedsore) occurs in marasmic indi- 
viduals, most frequently upon the sacrum and the heels, both of which 
regions are exposed to pressure when the individual lies upon his back. 
The bedsore begins with the formation of bluish-red spots, within whose 
area the tissue dies, and through the agency of bacteria undergoes de- 
composition and finally disintegrates. The gangrenous area may be of 
large extent, especially when over the sacrum; the bone may be laid bare 
over a large area through the destruction of the overlying soft parts. 

Toxic gangrene occurs chiefly in ergot poisoning as a result of the 
contraction of the small vessels and formation of thrombi. The tips of 
the extremities are usually affected. 

Infectious gangrene occurs particularly in different infections of the 
skin and subcutaneous tissue, and may be associated with gas-formation. 
In the form known as foudroyant gangrene different varieties of bacteria 
have been found; the bacillus of malignant cdema, an anaérobic bacil- 
lus (Welch, E. Frankel, Hitschmann and Lindenthal), proteus (Hauser), 
and bacterium coli. Infections associated with putrid gangrene may 
occur ip the internal organs, but affect chiefly the lungs and intestines. 

A so-called neuropathic gangrene occurs when a tissue affected with 
either sensory or motor paralysis is wounded or subjected to continued 
pressure. It is dependent partly upon circulatory disturbances and 
partly upon infection. Gangrene resulting from the withdrawal of the 
influence of trophic nerves has not yet been demonstrated. Symmet- 
rical gangrene, which affects corresponding parts of the extremities 
and has been regarded by many as a neuropathic disease, is dependent 
upon changes in the blood-vessels; likewise, the perforating ulcer of the 
foot (mal perforant du pied), which begins as a callosity following me- 
chanical influences, and is characterized by an accompanying gangrene 
which rapidly penetrates into the deeper tissues, is dependent upon the 
closure of an artery of the foot. 

In moist gangrene the tissues break down with a varying degree of 
rapidity, the fascie resisting for the longest time. As crystalline prod- 
ucts of the chemical changes there may be found needles of fat and 
tyrosin, spherules of leucin, coffin-lid crystals of triple phosphate, and 
erystals of hematoidin. If the gangrene comes to a standstill, the gan- 
grenous tissue becomes sequestrated through the formation of a zone 
of demarcation—that is, becomes separated from the living tissue, and 
under favorable conditions may be thrown off from the body. In the 
case of necrotic portions of bone a very long time is required for seques- 
tration. Extension of gangrene (through infection or continued circu- 
latory disturbance) leads sooner or later to death, especially if toxic sub- 
stances or bacteria are taken up into the blood or lymph. 
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IV. Hypoplasia, Agenesia, and Atrophy. 


$ 52. Hypoplasia, or the defective development of anlage, may affect 
either the body as a whole, or only single organs or parts of organs, and 
may oceur either duri ing the period of intra-uterine development or later 
during the period of post-embryonal development. 
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When either the entire skeleton or at least the greater part of it is 
under-developed, and especially if the bones do not attain their normal 
length, the affected individual is abnormally low in stature, and is called 
a dwarf (Figs. 38 and 39). The individual parts may be fairly well pro- 
portioned (Fig. 38), or they may be unsymmetrically developed (Fig. 





Fra. 38. 


Fic, 38.-Skeleton of a female cretin, thirty-one years of age, 118 cm. in height, with klinocephalle 
skull, The cartiiage sutures of the dlaphyses of the long bones and pelvic Bones sill show; as dous also the 


frontal suture. The individual 
extremities alone being relatively abort. 

Fıo. 30.—Skeleton of a female dwart of fifty-eight years of age, 117 cm. in height, with very short 
¢ztremilies, and long’ trunk. The cartilage sutures are still present; the articular ends of the bones are 
thick. 


leton are, on the whole, iu the proper proportion, the upper 


39). For example, the trunk may be of normal size, while the extrem- 
ities are abnormally short (Fig. 39); or both the trunk and the extrem- 
ities may be abnormally small, while the head is of normal size, and 
consequently appears relatively too large for the small body. When the 
lack of development affects individual parts of the skeleton exclusively, 
or if it is more marked in certain parts than elsewhere, there results a 
stunting of individual portions of the body. 

For example, defective development of the cranium gives rise to 
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ete., do not escape similar disturbances of growth. For example, the 
entire brain (Fig. 41), or only one of the hemispheres, or a part of the 
latter (Fig. 42, c, d) may fail of complete development. The intestine 





ro. <.—Hiypplasia of the uterus with well-deveioped ovaries bat without ripe follicles. From a cra 
‘twenty-eight years of ve un 


may in part be represented by a thin canal incapable of functionating 
(Fig. 44, d), or even by a solid cord (Fig. 44, e). The uterus not infre- 
quently remains in an undeveloped state (infantile) (Fig. 43), and occa- 
sionally at the time of puberty the ovary (Fig. 45, e), or the entire inter- 
nal generative apparatus, and at times also the external organs of the 
female may remain in the undeveloped state of the young child. A 
more or less marked hypoplasia of the kidney is not rare.- In the de- 
velopment of the respiratory tract the alveoli of a portion of the lung 
may wholly fail to develop, so 
that a part of a lobe or even an en- 
tire lobe may consist only of con- 
nective tissue and dilated bronchi. 
The above-mentioned exam- 
ples of hypoplasia, to which many 
others might be added, arise part- 
ly through intrinsic causes in- 
herent inthe germ, and are there- 
fore inheritable; and partly 
through the action of extrinsic 
injurious influences upon normal 
anlage during the course of de- 
velopment. For example, the 
growth of the bones may be influ- ” 
enced and retarded by disease of nt, -fiyponteie of ime ama Intestine of jue 
the. thyroid gland or through in- BE ests i 
sufficient nutrition (rachitis), dis- size.) 
use, and inflammation. Total 
failure of portions of the body or of single organs to develop is known 
as agenesia. This condition is dependent either upon the non-forma- 
tion of the anlage, or upon the destruction of the latter after they have 
begun to develop. (See Chapter on Malformations. ) 
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The tissue composing hypoplastic organs or parts of organs, though 

f less bulk than normal, may present no abnormalities of structure. In 

other cases there may be associated with the smallness of size a disturb- 
ance of internal organization, so that often the more highly specialized 
elements of the organ fail of development, the hypoplasia being at the same 
time associated with an agenesia of individual parts. Thus, for example, in 
hypoplasia of the ovary (Fig. 45, e) the development of the ova and the 
ripening of the follicles may fail in part; in hypoplasia of the brain 
there may occur at the same time a defective development of the gan- 





FiG. 45.—Cross sections of ovaries at different periods of life. (Hsematoxylin and eosin.) a,b, ¢, d, 
Normal ovaries; a, girl of Ave years; b, twenty-three years; c, twenty-nine years; and d, twenty-one 
years; e, hypoplastic ovary of girl of twenty-seven years; f, g, senile ovaries from women of eighty and 
eigbty-three years of age. (Natural size.) 


glion-cells and nerve-fibres, and at times portions of the brain may con- 
sist only of membranous masses (Fig. 42, d) in which no ganglion-cells 
are present. In hypoplasia of the lung there may be under certain con- 
ditions a complete failure of development of the alveoli, so that the 
lung-tissue consists merely of a very vascular connective tissue through- 
out which lie the bronchi, the latter in the course of time usually be- 
coming dilated. 
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§ 53. Atrophy is a diminution in the size of an organ due either 
diminution in size or disappearance of its individual elements. It 
oecur at any period of life, and is a very common result of many 
ological processes. Within certain limits it may be regarded as a 
ological phenomenon, in that in old age there constantly occurs ac 
degree of retrograde change in all the organs, associated with a d 
tion in their size. Certain organs undergo such an atrophy with 
or total loss of their functional power, even before old age, as, fo! 
ple, the thymus, which atrophies completely even before the en« 
period of growth; and the ovary (Fig. 45, f, g), a part of whose 
discharged during the period of sexual activity, the remaind 
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destroyed. In old age the lymphadenoid tissues, the muscles and bones, 
in Particular, suffer atrophy, though the tissue-changes of senility vary 
greatly in different individuals, so that often other tissues, the glandular 
organs or the brain, show the most marked atrophy. 

7 The atrophy of an organ is characterized chiefly by its diminution in 

size- In atrophic conditions of the muscles (Fig. 46) the affected por- 
tions of the body become smaller, and in extreme cases the extremities 
appear as if consisting only of skin and bones. When the atrophy of an 
organ is uniform throughout, its normal shape may be preserved; but if 
the .atmphy progresses more rapidly in certain parts than in others, the 
surface of the organ may show local de- 
PreSsions (Fig. 48) and cicatricial con- 
tract ions (Fig. 51), so that the organ, for 
exami ple, the liver or kidney, may present 
aknobbed or granularappearance. When 
tisstes which are undergoing atrophy are 
Prevented from contracting, as in the case 
of tlhe bones and lungs, the external form 
5 Preserved. In the case of bone, the 
medullary spaces and the Haversian canals 
become enlarged, and a condition results 
which is known as excentric atrophy or 
edeoporosis (Fig. 47). In the lungs the 
alveoli become confluent into large air- 
spaces as the result of the disappearance 
of the intervening walls. 

In atrophy of the glands and muscles 
there occurs frequently a change of color, 
though this is of secondary importance. 
Hither the normal pigmentation of the 
affected organ is brought out more dis- 
tinetly by its atrophy, or associated with 
the atrophy there is a deposit of pigment 

(brown or pigment atrophy), or finally the 

change of color may be dependent upon 

He changed blood-content of the atrophic 


‚ ‚Tie diminution in size of atrophic organs 
is the resuit of a diminution in size and dis- 
Pprarance of the histological elements com- 
Ping them. In the majority of the or- 
fu particularly in the glands, muscles, 
anl ones, the specific cells which perform 
te special function of the affected or- F1s- #—Juventte muscular atro 
At. are affected in atrophy to a far 

greater degree than the supporting connective-tissue framework. Indeed, 
it my be frequently observed that the connective-tissue elements may 
be wholly preserved, or even increased in number, while the more high- 
Wy specialized elements have disappeared. Thus, for example, in 
atrophic muscle (Fig. 49) the contractile substance within the sarco- 
Jemma (a) may disappear to a very great extent (b) without the occur- 
Teme of any atrophy whatever of the connective tissue between the 


mucle-bundles. The nuclei (c,) of the connective tissue may even be 
{creased in number. 
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In atrophy of the kidney the epithelial cells of the urinary tubules 
(Fig. 50, f) become smaller and may finally wholly vanish so that the 
tubules collapse. Likewise, the epithelium of the glomeruli (d) is lost, 
while the capillaries become obliterated. 

The same thing oceurs in simple atrophy of the liver, in that all the 
liver-cells of a lobule may disappear without any perceptible decrease of 
the supporting reticulum. Likewise the ganglion cells of the brain and 
spinal cord may atrophy without the neuroglia being diminished. Not 
infrequently the latter may become increased. 

In atrophy of the bones the true bone-tissue becomes diminished, 
while the bone-marrow in excentrie atrophy and osteoporosis becomes 
increased. Moreover the 
fat in the cells of the mar- 
row may also vanish, so that 
free spaces are formed which 
become filled with fluid. 

Tn atrophy of the lymph- 
glands and of the spleen the 
free cells in particular dis- 
appear and in parts are com- 
pletely absent. 

The changes leading to 
atrophy may take place with- 
out the occurrence of any 
apparent change of structure 
in the individual tissue-ele- 
ments (Fig. 49), so that the 
condition of atrophy is 
reached essentially through 
a loss of volume of the in- 
dividual parts. Both the 
cell-body and the nucleus 
may become smaller; and 
the latter change may be ob- 
served particularly in the 
liver in cases of starvation- 
atrophy (Lukjanow), This 
form of atrophy is known 
as simple atrophy, and is 
to be distinguished from the 
degenerative atrophies, iu 
which ie tissue-elements 

during the progress of the 
a a ee RO ee ae ene 

structure, and frequently 
contain pathological substances. Thus a cell may become granular, 
and undergo fragmentation, or may swell up and liquefy, or there 
may be formed within the cell drops of fat or mucus; all of these 
changes signifying degenerative conditions of the cell-protoplasm. 
These processes are classed as special forms of degeneration and will be 
discussed in the paragraphs of the following section. Degenerative= 
changes ean occur at the same time in the nuclei, as shown by fragmen— 
tation, distorted shape, clumping of the chromatin, diffusion of ehro— 
matin into the cell-protoplasm, swelling and liquefaction of the nucleus— 
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pressure of the edge of the ribs upon the organ due to tight-lacing (“cor- 
set-liver”), and the disappearance of bone (Fig. 52) following the press- 


ure of an aortic aneurism, tumors, or of 
an accumulation of fluid in the ventricles 
of the brain. 

Atrophy of disuse occurs in the mus- 
cles, glands, bones, skin, and other tissues, 
and is dependent upon the disuse of the 
organ in question. In the case of muscles 
and glands the atrophy is essentially ac- 
tive; the nutritive processes diminishing 
as the result of the lessened functional 
activity; moreover, the consequent dim- 
inution of the circulation through the part 
is not without effect. In the other tissues 
the atrophy is essentially dependent upon 
the lowering of nutrition of the disused 
parts, though a change in the power of 
assimilation of the cells cannot be wholly 
excluded. When the inactivity occurs 
during the period of development, and 
the tissue as a result becomes stunted, the 
condition is to be regarded as a hypo- 
plasia, though no sharp line can be drawn 
between hypoplasia and atrophy, since in 
the former there may be also a disappear- 
ance of structures which had undergone a 
certain degree of development. 

Neuropathic atrophy is a result of 





Fiq. 52.—Pressure-atropby of the spinal 


diseased conditions of the nervous system, {ülumn, du“ to pressure by aortic aneur 


and is apparent most often in a rapid at- 


rophy uf the nerves and muscles, though other tissues may be affected. 


For example, after destruction 
of the anterior hor 
roots of the spinal cord, there fol- 
lows an atrophy of the corres 
ing nerves and muscles. 
jury of the peripheral ne 
skin often becomes atrophic. 
cording to many authors, diseas 
the nerve-trunks of one side of the 


r of the motor 















FG, 53.—Faelal bemiatruphy. (After Lichtheim 
and Borel.) 


face is followed by a unilateral neu- 
ropathie facial atrophy (Fig. 53), but 
by others (Mobius) the neuropathic 
nature of this condition is contested. 
Tnilateral affections of the brain in 
foetal life or during childhood may 
lead to atrophy of the opposite side 
of the body (congenital and infantile 
hemiatrophy). 
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V. Cloudy Swelling and Hydropic Degeneration. 


$ 54. The term cloudy swelling or parenchymatous degeneration or 
granular degeneration is applied to that form of cell-degeneration which is 
characterized histologically by a swelling and enlargement of the cells 
due to the formation within the cell-protoplasm of 
free granules, which according to their microchemi- 
cal properties (solubility in acetic acid, insolubility 
in alkalies and ether) are to be regarded as albumin- 
ous bodies. The epithelial cells of the kidney and 
liver (Fig. 54), and the cells of heart-muscle frequent- 
ria. 5t.—Cloudy swen- LY Show this degeneration, thereby acquiring a cloudy 
ing of liver-cells (scraping appearance, as if covered with dust, while at the same 
tive an asine time their normal structure and form are lost. Thus, 
of septicemia, examined for example, in cloudy swelling of the kidney-epi- 
al SE solution.) thelium the rod-like markings of the protoplasm are 
lost (Fig. 55, a), as are also the cell-processes pro- 

jecting into the lumen of the tubules. The swollen cells (6, c, d) are 
larger, more plump, and contain dark granules. This change is to be 
regarded as a disorganization of the protoplasm following an absorption 
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of fluid, and leads to partial separation of the solid and liquid con- 
stituents of the protoplasm. At the same time the nucleus swells and 
undergoes disorganization. 

Recovery is possible at a certain degree, and the cells may be re- 
stored to their normal condition. In other cases the cell-body is de- 





Fig. 55.—Clondy swelling of kidney epithellum. (Chromie acid, ammonia, glycerin.) a, Normal 
epiteitum: dh, begin ning cloudy awelling ; ¢, advanced stage of cloudy swelling d, desquamated degen 
erated epithelium. X 


stroyed, breaking up into granular fragments. Fatty degeneration very 
often accompanies cloudy swelling. 

Cloudy swelling may occur in the cells of any of the parenchymatous 
organs, as the liver, kidneys, or heart, during the course of the majority 
of the infectious diseases, particularly in scarlet fever, typhoid, small- 
pos, erysipelas, diphtheria, septicemia, etc. The affected organs pre- 
sent a cloudy, dull-shining, often gray appearance; in marked cases the 
organ may appear as if cooked, the blood-content is very slight, the con- 
sistency doughy, and the finer details of structure are lost. 


Literature. 
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Galeotti: Ueber die Granulationen in den Zellen. Monatsschr. f. Anat., xii., 1805. 
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‘Waldeyer: Veränderun; der ‚guergestr: Muskelfasern. Virch. Arch., 84 Bd., 1865. 
Zenker: Ueb. d. Veränderung d. willkürlichen Muskeln bei Typhus abdom., Leipzig, 
1864. 


§ 55. Hydropic degeneration is that form of degeneration frequently 
observed in cells of different kinds, whereby they become swollen through 
the imbibition of fluid. 
When epithelial cells undergo 
this change the cell-contents 
appear clear, the granules of 
the protoplasm are pressed 
farther apart by the fluid, 
often being crowded into a 
ring at the periphery of the 
cell; the cells thus coming to- 
resemble plant-cells to a cer- 
tain extent. Vacuoles, (Fig. 
56, b)—that is, globules of 
= clear fluid—may often be 
Se eee Coals eal ad bee 

rx uf : aniline brown.) nucleus (c swells and be- 
Giadderitne Greys of tuld [niysalien]? ©, uydeople buclele comes changed toa large blad- 
d, enlarged pucleoll; ¢, Wandering cells. X der-like vacuole containing 

clear fluid. In muscles show- 
ing hydropie degeneration clear droplets of fluid appear between the 
fibrille, pushing the latter apart (Fig. 57, 58, a, b, and Fig. 66, c). 
Through an abundant ‚formation of such drops the muscle fibres may 
acquire in places an appearance of foam-like bubbles (Fig. 57). At first, 
the muscle fibres between these drops remain preserved, but finally they 
undergo fragmentation and lique- 
faction. 

Iydropie degeneration of cells 
result of cedema (Figs. 
urs also in intlam- 















Hydrople degeneration of muscle-tibres FiG, 58,— Transverse section of a male 
f IC uusele in chronic aedetun of the leg. bundie showing hydropie degeneration of its 
(Fleming's solution, sufranin.) caller's Nuld, haematoxylin.) a. Muscle- 

Abre with null drops of fuld ; b, imuscle-tibre 
with linge drops. > 68, . 






cells (Fig. 56). In the case of inflammation the degenerative character 
of the process is more marked than in the case of edema; anda complete 
liquefaction of the cells and nuclei may result. In oedema the cells, in 
spite of their hydropie condition, may remain alive for a long time. 


VI. Lipomatosis, Atrophy of Fat-Tissue and Fatty Degeneration. 


$ 56. Certain tissues of the human body contain normally a certain 
amount of fat, which deposited in cells is heaped up in such amounts as. 
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Among the conditions of life which lead to a pathological accumulation of 
Jat are: first, a luxurious mode of living ; further, wasting of bodily strength, 
and marasmus, such as is observed especially in chronic tuberculosis, In 





Fiq. 60,—Lipomatosis of the calf muscles, associated with atrophy. (Müller’s fluid, carmine.) a, Trans- 
‘Yerse section of normal fibre; a,, of atrophic fibre; ds, transverse section of sarcolemma tube containing 
disintegrated contractile substance ; b, connective tissue; c, fat-tissue. X 60. 





the first case the deposit of fat is a generalone. In the last, the accumu- 
lation of fat is usually confined to the liver (Fig. 59), the liver-tissue at 
the seat of deposit becoming clear yellowish-gray to a straw-yellow in 
color. In the first case the cause of the fat-deposit is the excess of nutri- 





Fia. 61. 
spinal cord. (Müller's fluid, Bismarck brown.) Section from the calf muscle. a, Transverse section of 
atrophic muscle-fbres; D, perimysium ; ¢, fat-tssne; d, artery; €, vein. 60. 


61.—Spinal muscular atrophy with lipomatosis, in ascending atrophy of the anterior horns of the 


tive material ingested ; in the last case it is the inability of the organism 
to use up in sufficient measure the fat taken in or elaborated within the 
body. 
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Under certain conditions a more marked local fat-deposit may occur as 
a sequela to tissue atrophy, as, for example, in the neighborhood of con- 
tracted kidneys, and in muscles (Fig. 61, c), which suffer a progressive 
atrophy (a), as the result of diseases of the spinal cord. 

If through a diminution in the amount of nourishment taken into the 
body, or through a deficient formation of fat within the body, or through 
an increased metabolism, the normal amount of body-fat is lost, the con- 
dition is known as atrophy of the fat-tissue. In the process of absorp- 
tion and decomposition of the fat, the latter becomes broken up into 
small droplets, and the fat-cells are finally converted into small connec- 
tive-tissue cells. If, after the disappearance of the fat the spaces be- 
tween the shrunken fat-cells become filled with a serous fluid, the fat- 
tissue acquires a translucent appearance similar to that of myxomatous 
tissue; and this condition, which occurs especially often in the pannicu- 
lus of the heart, is designated serous atrophy of the fat-tissue. Occasionally 
pigment may be deposited in the atrophic fat-cells, so that the tissue 
acquires a yellow or yellowish-brown color. This condition is designated 
yellow atrophy of fat-tissue. 


The fat deposited in the body may, in the first place, arise from that ingested, so 
that in dogs fed with mutton-fat there occurs a deposit of mutton-fat (Rosenfeld), and 
the feeding of iodized fat leads also to a deposit of iodized fat in the fat-depöts ( Win- 
ternitz). ft is ordinarily assumed, particularly with reference to the fat-droplets in the 
chyle, that such fat, finely emulsified, is taken up through openings in the cuticular 
margin of the epithelium of the intestinal mucosa. Against this view is opposed the 
fact that such an absorption of fat by the intestinal epithelium cannot be followed step 
by step. Flemming, therefore, assumes that, in the case of the absorption of fat from 
the intestine, as well as its entrance into the fat-cells, the elements of the fat are taken 
up by the cells in the form of soluble combinations, and are converted in the cells by the 
chemical activity of their protoplasm again into fat; and that, further, in atrophy of 
fat-tissue, the fat is chemically split up into soluble combinations and 80 passed out of the 
cells. According to Connstein, the absorbable fats in the stomach and intestine are for 
the greater part split up; and, through the combination of the fatty acids with the 
alkalies present in the intestine, are converted into soluble soaps which are absorbed by 
the epithelium. These soaps are changed in the intestinal epithelium (in the same way 
that the absorbed peptone is again changed to an albuminate) back again to globules of 
neutral fat. The glycerin necessary for this process is absorbed directly from the in- 
testine where it is present in the free state, having been split off from the neutral fats. 

Besides that formed from fat and fatty acids, the organism can also form and store 
up fats from carbohydrates and albumin. The formation of fat from albumin is denied 
by various authors (Pflüger), but has been established beyond any doubt by different 
observations (see Lindemann, l.c.). 

According to Vott, the immediate factor in metabolism is not the action of oxygen, 
but lies in the organization of the cells, the protoplasm of which possesses the power, 
in proportion to the external conditions, to break down complex chemical combinations 
into simpler ones. Thealbumin brought to the cell in a soluble form, and after this the 
carbohydrates are the most easily decomposed by the cells, fat with greater difficulty, 
either that taken in with the food or formed within the body from albumin or carbo- 
hydrates. When fat is supplied in excess, or when the activity of the cells is exhausted 
before the fat split off from albumin is further decomposed, there will occur a deposit 
of fut. The same thing will happen when fat and carbohydrates or albumin are sup- 
plied at the same time, if the cells after decomposing the latter are incapable of further 
activity. Increase of food-supply, muscular action, and elevation of body-temperature 
cause an increase in the metabolic activity of the cells, while alcohol, morphine, and 
quinine weaken it. Obesity depends upon a greater assimilation of food than can be 
used by the body. The metabolism in this condition may either be normal, or may be 
diminished through weakness of the cells or diminution of their number. The cause 
of the increased deposit of fat in anemic conditions may be explained by the diminution 
of the cell-mass of the body and the consequent weakening of metabolism. The de- 
posit of fat in the celis of the intermuscular connective tissue of atrophic muscle may 
be regarded as due to diminished metabolism in the muscle. - 

According to Gautier, the decomposition of albumin in the cells is the result of 
their functional activity, and occurs in two phases. In the first, the phase of ferment- 
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action without oxidation, or hydrolytic splitting, there are formed from the protoplasm 
urea or soalogous combinations (salts of uric acid, kreatin-bodies), and at the same 
time the carbohydrates form the fat-bodies. In the second, the phase of oxidation, the 
sugar and fat disappear, both that formed, from albumin and that derived from the in- 
gested food. The carbohydrates are in part oxidized; but the greater part, especially 
during muscular inactivity, are changed into fat through a simple process of ferment- 
action, by which a large amount of carbonic acid is set free. Finally, the fat-bodies 
are also oxidized and disappear. 
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Fatty degeneration is that form of cell-degeneration in which 
fat is formed from the albumin of the cell-body—that is, from the albu- 
min of the organism—and appears within the cell in the form of gran- 
ules, droplets, ordrops. Cells 
which are in the condition 
of fatty degeneration present 
within their cell-substance 
small or larger droplets, which 
are clear, and highly refrac- 
tive (Fig. 62, 6, d,e, f, and 
Fig. 63), insoluble in acetic 
acid, and soluble in alcohol 
and ether. With osmic acid 


Fro. 62. Fatconlilting liver. | FIG. 63 Fatty. they become black (Fig. 64, 
r sed, mneration of “oe. 6! aes 
ernlyegemeniem CA earemueie. scan D and Fig. 65, 4, B, C); in 
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pressure of the edge of the ribs upon the organ due to tight-lacing (“cor- 
set-liver”), and the disappearance of bone (Fig. 52) following the press- 
ure of an aortic aneurism, tumors, or of 
an accumulation of fluid in the ventricles 
of the brain. 

Atrophy of disuse occurs in the mus- 
cles, glands, bones, skin, and other tissues, 
and is dependent upon the disuse of the 
organ in question. In the case of muscles 
and glands the atrophy is essentially ac- 
tive; the nutritive processes diminishing 
as the result of the lessened functional 
activity; moreover, the consequent dim- 
inution of the circulation through the part 
is not without effect. In the other tissues 
the atrophy is essentially dependent upon 
the lowering of nutrition of the disused 
parts, though a change in the power of 
assimilation of the cells cannot be wholly 
excluded. When the inactivity occurs 
during the period of development, and 
the tissue as a result becomes stunted, the 
condition is to be regarded as a hypo- 
plasia, though no sharp line can be drawn 
between hypoplasia and atrophy, since in 
the former there may be also a disappear- 
ance of structures which had undergone a 
certain degree of development. 

Neuropathic atrophy is a result of 
diseased conditions of the nervous system, 
and is apparent most often in a rapid at- 
rophy of the nerves and muscles, though other tissue y be affected. 

For example, after destruction 
of the anterior horns or of the motor 
roots of the spinal cord, there fol- 
lows an atrophy of the correspond- 
ing nerves and muscles. After in- 
jury of the peripheral nerves the 
skin often becomes atrophic. 
cording to many authors, diseas 
the nerve-trunks of one side of the 
face is followed by a unilateral neu- 
ropathie facial atrophy (Fig. 53), but 
by others (Möbius) the neuroy i 
nature of this condition is contested. 
Unilateral affections of the brain in 
foetal life or during childhood may 
lead to atrophy of the opposite side 
of the body (congenital and infantile 
hemiatrophy). 








ressure-atrophy of the spinal 
we to pressure by aortic aneur 


ism. 

























Fic. $3,—Faeial bemiatrophy. (After Lichtheim 
and Borel.) 
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V. Cloudy Swelling and Hydropic Degeneration. 


8 54. The term cloudy swelling or parenchymatous degeneration or 
granular degeneration is applied to that form of cell-degeneration which is 
characterized histologically by a swelling and enlargement of the cells 
due to the formation within the cell-protoplasm of 
free granules, which according to their microchemi- 
cal properties (solubility in acetic acid, insolubility 
in alkalies and ether) are to be regarded as albumin- 
ous bodies. The epithelial cells of the kidney and 
ER liver (Fig. 54), and the cells of heart-muscle frequent- 

Fra. 54.—Cloudy sweil- 19 Show this degeneration, thereby acquiring a cloudy 
ing of liver-cells (scraping appearance, as if covered with dust, while at the same 
from the cut surface of . : 
the liver of aman dying time their normal structure and form are lost. Thus, 
of normal salt solution for example, in cloudy swelling of the kidney-epi- 

thelium the rod-like markings of the protoplasm are 
lost (Fig. 55, a), as are also the cell-processes pro- 

jecting into the lumen of the tubules. The swollen cells (d, c, d) are 
larger, more plump, and contain dark granules. This change is to be 
regarded as a disorganization of the protoplasm following an absorption 
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of fluid, and leads to partial separation of the solid and liquid con- 
stituents of the protoplasm. At the same time the nucleus swells and 
undergoes disorganization. 

Recovery is possible at a certain degree, and the cells may be re- 
stored to their normal condition. In other cases the cell-body is de- 





Fic. 55.—Cloudy swelling of Kidney epithelium. (Chromic acid. ammonia, giycerin.) a. Normal 
goitbeilumn; 2, beginning cloudy swelling ; €, advanced stage of cloudy swelling d, desquamaled degen- 
‘erated epithelium. X 


stroyed, breaking up into granular fragments. Fatty degeneration very 
often accompanies cloudy swelling. 

Cloudy swelling may occur in the cells of any of the parenchymatous 
organs, as the liver, kidneys, or heart, during the course of the majority 
of the infectious diseases, particularly in scarlet fever, typhoid, small- 
pox, erysipelas, diphtheria, septicemia, etc. The affected organs pre- 
sent a cloudy, dull-shining, often gray appearance; in marked cases the 
organ may appear as if cooked, the blood-content is very slight, the con- 
sistency doughy, and the finer details of structure are lost. 
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§ 55. Hydropic degeneration is that form of degeneration frequently 
observed in cells of different kinds, whereby they become swollen through 
the imbibition of fluid. 
When epithelial cells undergo 
this change the cell-contents 
appear clear, the granules of‘ 
the protoplasm are pressed 
farther apart by the fluid, 
often being crowded into a 
ring at the periphery of the 
cell; the cells thus coming to 
resemble plant-cells to a cer- 
tain extent. Vacuoles (Fig. 
56, b)—that is, globules of 
= clear fluid—may often be 

Fic, 56.—Hydroplc degeneration of epithelial cells trom formed within the cells. The 
acarinoma ot th br, ändere ova) nucleus (c) also swells and be- 
Dbindder-ike drops of tuld {physalldes]: c, Lydropie nuclel? — COMES: changed toa large blad- 
d, enlarged nuclvoll; ¢ wandering cells.” X der-like vacuole containing 

clear fluid. In muscles show- 
ing hydropie degeneration clear droplets of fluid appear between the 
fibrille, pushing the latter apart (Fig. 57, 58, a, b, and Fig. 66, c). 
Through an abundant ‚formation of such drops the muscle fibres may 
acquire in places an appearance of foam-like bubbles (Fig. 57). At first, 
the muscle fibres between these drops remain preserved, but finally they 
undergo fragmentation and lique- 
faction. 

Hydropie degeneration of cells 
may be the result of wdema (Figs. 

it occurs also in iflam- 











Fi Hydrople degeneration of muscle-tibres Fic, 58,—Transverse section of a muscle 
fron muscle in chronfe adem of the leg. showing hydı 
(Fleming's solution, safranin.) >. 43, flores. (Müller's fluid, bremat 





bre with small drops of fuk 
ith are dropa. 308, 


cells (Fig. 56). In the case of inflammation the degenerative character 
of the process is more marked than in the case of edema; anda complete 
liquefaction of the cells and nuclei may result. In cedema the cells, in 
spite of their hydropie condition, may remain alive for a long time. 


VI. Lipomatosis, Atrophy of Fat-Tissue and Fatty Degeneration. 


§ 56. Certain tissues of the human body contain normally a certain 
amount of fat, which deposited in cells is heaped up in such amounts as. 
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Among the conditions of life which lead to a pathological accumulation of 
Jat are: first, a luxurious mode of living ; further, wasting of bodily strength, 
and marasmus, such as is observed especially in chronic tuberculosis. In 





Fi. 60.—Lipomatosis of the calf muscles, associated with atrophy. (Mdller’s fluid, carmine.) a, Trans- 
‘verse section of norınal Nbre; a,, of atrophic bre; as, transverse section of sarcolemma tube containing 
disintegrated cuntractile substance ; D, connective tissue ; c, fat-tissue. x 60. 


the first case the deposit of fat is a generalone. In the last, the accumu- 
lation of fat is usually confined to the liver (Fig. 59), the liver-tissue at 
the seat of deposit becoming clear yellowish-gray to a straw-yellow in 
color. In the first case the cause of the fat-deposit is the excess of nutri- 





Fic. 61—Spinal muscular atrophy with Hpomatosis in ascending atrophy of the anterior horns of the 
spinal cord. (Müller's fluid, Bismarck brown.) Section from the calf muscle. a, Transverse section of 
atrophic muscle-fibres; D, perimysium ; c, fat-tissne ; d, artery; c, ven. X 60. 


tive material ingested ; in the last case it is the inability of the organism 
to use up in suflicient measure the fat taken in or elaborated within the 
body. 
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Under certain conditions a more marked local fat-deposit may occur as 
a sequela to tissue atrophy, as, for example, in the neighborhood of con- 
tracted kidneys, and in muscles (Fig. 61, c), which suffer a progressive 
atrophy (a), as the result of diseases of the spinal cord. 

If through a diminution in the amount of nourishment taken into the 
body, or through a deficient formation of fat within the body, or through 
an increased metabolism, the normal amount of body-fat is lost, the con- 
dition is known as atrophy of the fat-tissue. In the process of absorp- 
tion and decomposition of the fat, the latter becomes broken up into 
small droplets, and the fat-cells are finally converted into small connec- 
tive-tissue cells. If, after the disappearance of the fat the spaces be- 
tween the shrunken fat-cells become filled with a serous fluid, the fat- 
tissue acquires a translucent appearance similar to that of myxomatous 
tissue; and this condition, which occurs especially often in the pannicu- 
lus of the heart, is designated serous atrophy of the fat-tissue. Occasionally 
pigment may be deposited in the atrophic fat-cells, so that the tissue 
acquires a yellow or yellowish-brown color. This condition is designated 
yellow atrophy of fat-tissue. 


The fat deposited in the body may, in the first place, arise from that ingested, so 
that in dogs fed with mutton-fat there occurs a deposit of mutton-fat (Rosenfeld), and 
the feeding of iodized fat leads also to a deposit of iodized fat in the fat-depöts ( Win- 
ternitz). it is ordinarily assumed, particularly with reference to the fat-droplets in the 
chyle, that such fat, finely emulsified, is taken up through openings in the cuticular 
margin of the epithelium of the intestinal mucosa. Against this view is opposed the 
fact that such an absorption of fat by the intestinal epithelium cannot be followed step 
by step. Flemming, therefore, assumes that, in the case of the absorption of fat from 
the intestine, as well as its entrance into the fat-cells, the elements of the fat are taken 
up hy the cells in the form of soluble combinations, and are converted in the cells by the 
chemical activity of their protoplasm again into fat; and that, further, in atrophy of 
fat-tissue, the fat ts chemically split up into soluble combinations and so passed out of the 
cellx, According to Connatein, the absorbable fats in the stomach and intestine are for 
the greater part split up; and, through the combination of the fatty acids with the 
alkalies present in the intestine, are converted into soluble soaps which are absorbed by 
the epithelium. These soaps are changed in the intestinal epithelium (in the same way 
that the absorbed peptone is again changed to an albuminate) back again to globules of 
neutral fat. The glycerin necessary for this process is absorbed directly from the in- 
testine where it is present in the free state, having been split off from the neutral fats. 

Besides that formed from fat and fatty acids, the organism can also form and store 
up fats from carbohydrates and albumin. The formation of fat from albumin is denied 
by various authors (Pflüger), but has been established beyond any doubt by different 
observations (see Lindemann, l.c.). 

According to Fort, the immediate factor in metabolism is not the action of oxygen, 
but lies in the organization of the cells, the protoplasm of which possesses the power, 
in proportion to the external conditions, to break down complex chemical combinations 
into simpler ones. The albumin brought to the cell in a soluble form, and after this the 
carbohydrates are the most easily decomposed by the cells, fat with greater difficulty, 
either that taken in with the food or formed within the body from albumin or carbo- 
hydrates. When fat is supplied in excess, or when the activity of the cells is exhausted 
before the fat split off from albumin is further decomposed, there will occur a deposit 
of fut. The same thing will happen when fat and carbohydrates or albumin are sup- 
plied at the same time, if the cells after decomposing the latter are incapable of further 
activity. Increase of food-supply, muscular action, and elevation of body-temperature 
cause an increase in the metabolic activity of the cells, while alcohol, morphine, aud 
quinine weaken it. Obesity depends upon a greater assimilation of food than can be 
used by the body. The metabolism in this condition may either be normal, or may be 
diminished through weakness of the cells or diminution of their number. The cause 
of the increased deposit of fat in ansemic conditions may be explained by the diminution 
of the cell-mass of the body and the consequent weakening of metabolism. The de- 
posit of fat in the cells of the intermuscular connective tissue of atrophic muscle may 
be regarded as due to diminished metabolism in the muscle. - 

According to Gautier, the decomposition of albumin in the cells is the result of 
their functional activity, and occurs in two phases. In the first, the phase of ferment- 
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action without oxidation, or hydrolytic splitting, there are formed from the protoplasm 
urea or analogous combinations (salts of uric acid, kreatin-bodies), and at the same 
time the carbohydrates form the fat-bodies. In the second, the phase of oxidation, the 
sugur and fat disappear, buth that formed from albumin and that derived from the in- 
gested food. The carbohydrates are in part oxidized; but the greater part, especially 

juring muscular inactivity, are changed into fat through a simple process of ferment- 
action, by which a large amount of carbonic acid is set free. Finally, the fat-bodies 
are also oxidized and disappear. 
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$ Fatty degeneration is that form of cell-degeneration in which 
fat is formed from the albumin of the cell-body—tliat is, from the albu- 
win of the organism—and appears within the cell in the form of gran- 
ules, droplets, ordrops. Cells 
which are in the condition 
of fatty degeneration present 
within their cell-substance 
small or larger droplets, which 
are clear, and highly refrac- 
tive (Fig. 62, 0, d,e, f, and 
Fig. 63), insoluble in acetie 
acid, and soluble in alcohol 

- and ether. With osmic acid 
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degeneration, for the reason that in these cell-masses there is an insuffi- 
cient supply of nutrition. 


In the majority of cases fatty degeneration is the only histological 
change which can be demonstrated in the cells, but it is at times asso- 
ciated with other degenerative changes. The most frequent combination is 
that of cloudy swelling and granular disintegration with fatty degeneration ; 
but hydropic degeneration with vacuole formation (Fig. 66, c) may also occur 
at the same time with fatty degeneration. Both of these combinations occur 
especially in cases of poisoning and in inflammations. Moreover, fatty 
degeneration of the cells accompanies many degenerations of the ground- 
substance, as, for example, amyloid degeneration of the connective tissue 
(see § 63, Fig. 81). 


The question whether the fat found in the cells is a degeneration or a deposit is in 
many cases very difficult and uncertain of answer; and it often cannot be determined 
in a given case whether there is a true fatty degeneration present, in the sense that the 
fat is formed in the cell out of the cell-albumin. In general, fatty degeneration is as- 
sumed to be present when fat is found in cells which ordinarily contain no fat, and 
when clinically there is apparent a diminution of functional activity, and anatomically 
a degeneration of cell-structure. It must be noted, however, that careful investiga- 
tions (Unna, Sata) have shown, that many cells even under normal conditions contain 
fat more frequently and regularly than has been gencrally supposed (for example, the 
epithelium of the sweat-glands and lachrymal gland, and of the epidermis, and also car- 
tilage cells). Moreover, both in fetal tissues and in proliferating cells (not degenerat- 
ing) with cell-division figures, fat is often present. Under conditions, in which the 
assumption of a weakening and degeneration of the organ concerned is well founded, 
nothing further may be recognized by which it is possible to say whether the fat pres- 
ent has arisen from the albumin of the affected cells, or whether it has been produced 
from carbohydrates or from the lecithin of the cells, or out of substances brought to 
the cells from without. For this reason we should not go so far as to deny the occur- 
rence of a true fatty degeneration, that is, a formation of fat out of the cell-substance 
(Rosenfeld); but in the diagnosis of cells showing fatty degeneration we must at times 
bear in mind the different possibilities of the origin of the fat. 

Requiring a special consideration are certain round cells of different size, which 
are entirely filled with fat droplets, and are therefore known as fat-granule globules or 
fat-granule cells (Fig. 67, a). They occur especially in degenerative processes in the 
brain and spinal cord; and have been repeatedly regarded as tissue-cells which have 
undergone fatty degeneration, in the brain as ganglion-cells and glia-cells presenting this 
degeneration. The true fat-granule globules or cells are, however, not the fixed tissue- 
cells which have become fatty, but are ameboid leucocytes and tissue-cells arising through 
proliferation, which through phagocytic action have taken up into their substance the fatty 
detritus arising from the disintegration of tissue. According to Arnold, the fat-granules 
also arise through the conversion of plasmosomes into fat. 

According to the investigations of Lindemann, the fat arising through degeneration 
of the heart-muscle differs essentially from the fat deposited in the heart or in the subcu- 
taneous tissue. The degeneration-fat is able to take up 108.55 per cent of iodine. nor- 
mal heart-fat only 61.1 per cent, the content in free fatty acid amounting to 18.35 as 
against 7.3 in normal heart-fat. 
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§ 58. The fats which occur in the human body consist almost entirely 

of a mixture of the glycerin-esters of oleic, palmitic, and stearic acids 

which are designated olein, palmitin, and stearin. The first is fluid at 

ordinary temperatures, the second melts at 46°, the third at 53° C. 

Since the body-fats contain varying proportions of olein, palmitin, and 

stearin, they vary in consistency and melting-point. As fat is not solu- 

ble in water or watery fluids, the fat in the body, either free or enclosed 
within cells, is not dissolved in the tissue-fluids. At most, only traces 
of it are dissolved in the blood, lymph, chyle, and bile, which contain 
small amounts of soaps. If after death the fat-containing tissues of the 
body are cooled below the melting-point of the contained fat, the stearin 
and palmitin may separate and form fine stellate or feathery needles 

(Fig. 65, b, ec, d), which are commonly called margarin needles, and 

which, according to the conditions, are found sometimes in fat-cells, at 

other times free in the tissue-fluids. 

Cholesterin occurs in the form of delicate rhombic plates (Fig. 68, 
a), the edges and corners of which are often notched. These may be 
found wherever there are formed masses of detritus containing fat, aris- 
ing from degenerating cells or extravasations of blood, as in the diseased 
tunica vaginalis of the testis, in a dilated sebaceous duct or gland, or in 
a softened area of degeneration in the wall of a diseased aorta. When 
the substance in which the cholesterin plates are formed is fluid, these 
may often be visible to the naked eye as little glistening scales. 

Cholesterin is a constant constituent of the bile, and is furnished by 
the mucous membrane of the gall-bladder and bile-duets, and held in 
Solution by the bile salts and soaps. It is found also in the medulla of 
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the nerve-fibres, and in small amounts in the blood, where it is held in 
solution by fats and soaps. According to Burchard traces of cholesterin 
are found in all the organs. 

Cholesterin is insoluble in water, dilute acids, caustic alkalies, and 
cold alcohol; it is soluble in boiling alcohol, ether, chloroform, and 
benzol. 

When treated with a mixture of five parts of concentrated sulphuric 
acid and one part of water the edges of cholesterin crystals take ona 
carmine-red color, which gradually passes into violet. Sulphuric acid 





Fic. 68.—a, Cholesterin plates; b, free cluster of margarin needles ; c, needles enclosed within fat-cells ; 
d, grass-like bunch of margarin needles. X 300. 


and water mixed in the proportions of three to one give a violet color to 
the edges of the crystals. Concentrated sulphuric acid containing a trace 
of iodine colors the crystals violet, blue, green, and red. 

The origin of cholesterin is not known with certainty. It is probable 
that it is an intermediate product in the decomposition of albumin. Cor- 
responding to this view, it is found under those pathological conditions 
in which albuminous substances break down with the formation of fat. 
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Vil. The Deposit of Glycogen. 


> 59. Glycogen is a carbohydrate which is readily convertible into 
sugar; and in the body is formed chiefly from the carbohydrates of the 
food, but may also be formed from albumin and gelatin. 

In the tissues of the body glycogen is found as a hyaline substance, 
most often within the cells, but occasionally in the tissue-spaces. It 
usually occurs in the form of spherules of different sizes. In the cells 
these spherules are most frequently found in the neighborhood of the 
nucleus. 

Glycogen is soluble in water, but the solubility of that found in dif- 
ferent tissues varies (Langhans); that found in the liver, kidneys, mus- 

13 
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cles, and pus-corpuscles is more easily soluble than that of cartilage 
cells and surface epithelium. Fixation of the tissue in alcohol renders 
the glycogen less soluble in water. After death the glycogen of the 
liver is quickly converted into sugar through the action of a diastatic 
ferment. 

Glycogen becomes brownish-red when treated with iodine. In order to 
avoid the solution in water of the glycogen contained in fresh prepara- 
tions, a syrupy mixture of gum and iodine (Ehrlich), or glycerin to 
which iodine has been added (Barfurth) may be used when it is desired 
to test for this reaction. Sections of tissues fixed in alcohol give best re- 
sults (Langhans) when treated with dilute tincture of iodine (one part 
tincture of iodine, four parts absolute alcohol), and cleared with oil of 
origanum, in which the reaction remains preserved for a long time. 

Glycogen is present in almost all the tissues of the embryo, also in 
the foetal membranes at an early period of development; and in the 
adult body in the liver-cells, muscles, heart-muscle, cartilage cells, epi- 
thelium of the body of the uterus, portio vaginalis and vagina (Lang- 
hans), in the leucocytes, and in the blood-serum (Gabritschewski). 
During starvation the glycogen of the liver is diminished, and under 
pathological conditions may wholly disappear. 

In diabetes the epithelial cells of the kidneys show a very rich de- 
posit of glycogen, particularly those of the loops of Henle. In the isth- 
mus of the latter the cells are almost wholly filled with glycogen. If 
this be dissolved out with water, the cells appear as clear vacuoles. In 
the blood of diabetic individuals the glycogen, both the intracellular and 
extracellular, is increased. 

In fresh inflammatory exudates glycogen is present in the pus-cor- 
puscles. According to the investigations by Brault all tumors, carcino- 
mata and sarcomata, exhibiting rapid growth contain large amounts of 
glycogen in their cells, so that these contain large vacuoles. In slowly- 
growing tumors or in those whose growth is at a standstill,.or in those 
showing beginning degeneration (fatty), glycogen is not present. The 
tumor-cells form the glycogen, and its presence is not to be regarded as 
an evidence of degeneration, but rather as a sign of good nutrition and 
luxuriant cell-growth. 
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thereby acquire a gelatinous, transparent appearance, may be mentioned 
fibrous connective tissue, also cartilage, bone, adipose tissue, bone-mar- 
row, and sarcomatous tissue. In these tissues it is chiefly the ground- 
substance (Fig. 71, b) which undergoes mucous change and is converted 
into a homogeneous, structureless mass. The cells may remain un- 
changed, or may become fatty, or also undergo mucous degeneration. 
In the last event the entire tissue ultimately forms a hyaline mass, in 





Fıo. 70, 
Fi. 70.—Epithelial cells which have undergone mucous degeneration, a cystadenoma of the ovars. 
2. Cells showing slight change; cell showing marked Gewres of mucous ebanges > 0. 


‘Fig. 71.—Mucous meration of of ee, connective tissue of the portic | ae (osmio acid. giyoerin) iy 
sere frrous issue: D, myzomatous tete. me 


which only scattered fibres of connective tissue, or single cells or groups 
of cells are left to suggest the original tissue. 

The stringy, or gelatinous material, which results from mucous de- 
generation, does not represent a single chemical substance; in it there 
may be found different varieties of mucins as well as of pseudomucins, 

The mucins (submaxillary, intestinal, and tendon mucin) are nitro- 
genous substances somewhat resembling albumin. They dissolve or 
swell up in water forming a stringy, mucous fluid, from which they may 
be precipitated in a stringy form by means of alcohol or acetic acid; but 
differ from the true albumins in the fact that the precipitate is not redis- 
solved in an excess of the acid. The precipitated mucins are soluble in 
neutral salt-solutions, caustic alkalies, and alkaline carbonates; and are 
gradually converted into alkali-albuminates in case of solution by the 
Jast named. 

All mucins contain nitrogen and (sulphur; their content in carbon, 
oxygen, nitrogen, and sulphur varies in the different forms. By proper 
treatment: a car] ‘bohydrate, called animal gum (Landwehr, Hammarsten), 
may be split off from the mucins. For this reason mucin may be called 
a glycoproteid (Pfannenstiel). 

Pseudomucin also dissolves in water, forming a gelatinous fluid, 
from which it may be precipitated in stringy masses by alcohol. The 
precipitate redissolves in water. Solutions of pseudomucin are not pre- 
cipitated by acetic acid. Boiling with dilute mineral acids leads to the 
splitting-off of a carbohydrate (as is the case with mucin), which reduces 
copper sulphate in alkaline solution (Pfannenstiel). 

Pseudomucin is found particularly in ovarian eystomata, and is the 
cause of the gelatinous character of the eyst-contents. It is produced 
by the epithelium of these tumors (Fig. 70); and in its formation the 
same changes take place in the cells, as in the formation of mucin from 
epithelium. In all probability the mucous substance present in gelat- 
inous earcinomata is a body closely related to pseudomucin or metalbu- 
min—that is, there are different varieties of pseudomucin (Pfannenstiel), 
of which the two mentioned are examples. 
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lium which do not possess the characteristics of mucin. I have, therefore, also classified 
as colloid those epithelial concretions which on account of their reaction with iodine 
(brown or bluc color when treated with dilute iodine solutions) have hitherto been re- 
garded as amyloid bodies. If objection is made to the classification of these formations 
as colloid, they may be placed under the heading of epithelial hyalin. 

As epithelial hyalin (keratohyalin?) may be classed also the hyaline granules and 
spherules described by Russel, Klein, and others, and which are found especially in can- 
cer cells. They stain intensely with fuchsin, and also with Gram’s method or with 
Weigert’s fibrin stain. It should be noted further that similar bodies of varying size 
and form have been observed in the epithelium during the development of a vaccination 
pustule (Z/ückel), and have been by mary regarded as parasites. 
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X. The Pathological Cornification of Epithelium. 


$ 62. The cornification of the surface epithelium over the entire 
skin is a physiological process, characterized essentially by the fact that 
the cells in the outer strata of the prickle layer of the stratum germina- 
tirum undergo a horny change. This cornification takes place first at 
the periphery of the cells and in the processes binding the cells together, 
while at the same time the inner portions of the cell and the nucleus 
shrink, so that the cells become changed into thin, flat, horny scales. 
This horny substance or keratin is a very resistant modified albuminoid 
body of homogeneous composition, and is capable of resisting digestion 
by the gastric or pancreatic juices. 

As accompanying phenomena of cornification there appear in the cells 
of the prickle layer peculiar hyaline granules and spherules resembling 
colloid, which stain intensely with nuclear stains and are known as kera- 
tohyalin (Waldeyer). In those areas of the skin possessing a thick horny 
layer, there is formed a sharply limited layer of such keratohyalin-con- 
taining cells; this laver is known as the stratum granulosum. In those 
places where the horny layer is thin, the stratum granulosum is imper- 
fectly developed and exhibits breaks of continuity. 

Pathological cornification may occur, in the first place, as a wide- 
spread or localized increase of the horny layer, resulting in a condition 
of hypertrophy of the horny layer of the epidermis (see Chapter VI., § 77), 
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or hyperkeratosis. This phenomenon may be primary—that is, due to 
intrinsic causes inherent in the anlage of the skin (ichthyosis, lichen 
pilaris)—or may be acquired as the result of external influences, mechani- 
cal lesions, infections and inflammations (callosities, corns). Further, 
there may occur disturbances in the process of cornification of the skin, 
so that certain pathological manifestations recognizable by the naked 
eye may make their appearance, such as desquamation of the skin. Such 
changes are included under the term parakeratoses. They occur especially 
as sequelz or concomitant phenomena of infections of the epidermis, and 
of inflammations of the corium and papillary body, sometimes without 
any recognizable cause; and in these cases either the process of cornifica- 
tion or of the formation of keratohyalin, or both, is disturbed. 

Finally, pathological cornification often occurs in regions where normally 
it either dues not occur at all or but to a slight extent. In the skin the cor- 
nification may extend to the ducts of the sebaceous glands and to the 
hair-follicles (ichthyosis) or to the sweat-glands (porokeratosis). Fur- 
ther, pathological cornification occurs not infrequently in the mucous 
membrane of the mouth, giving rise to white thickenings of the epithe- 
lium or to hair-like formations (hairy tongue). Horny change may be 
observed also in the mucous membrane of the middle ear, in the mastoid 
cells, in the descending urinary passages (formation of cholesteatomata), 
and in these places it may lead to the formation of shining white scales. 

Cornification of cancer cells is not infrequently seen, particularly in 
cancers of the skin, in which the horny scales are found usually in the 
form of round masses resembling onions or pearls. Similar horny prod- 
ucts are also found in cholesteatomata of the pia and brain. 

The pathological formation of horny substance in the mucous mem- 
branes or in tumors takes place either simply through cornification of the 
cell-membranes with contraction of the cell, or it may be combined with 
the formation of keratohyalin as in the case of typical cornification. 
The formation of keratohyalin and the cornification of epithelial cells 
eften occur irregularly distributed, particularly in cancers. 


According to the view of Mertsching and Ernst, the granules of keratohyalin are 
derived from the nucleus, and represent chromatin which has escaped from the nucleus, 
In favor of this view is the fact that the nuclei lose their chromatin simultaneously with 
the appearance of the keratohyalin. 
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XI. Amyloid Degeneration and the Amyloid Concretions. 


§ 63. Amyloid degeneration is a peculiar degeneration of the con- 
nective tissue of the blood-vessels, characterized by a deposit of an 
albuminoid substance (amyivid) in the affected part, so that the tissue in- 
creases in mass and at the same time acquires a peculiar, glassy, homoge- 
neoux appearance. The degeneration may occur in almost all the organs 
of the body; but is especially frequent in the spleen, liver, kidneys, in- 
testine, stomach, adrenals, pancreas, and the lymph-glands. It is more 
rarely observed in adipose tissue, thyroid gland, aorta, heart, muscles, 
ovaries, uterus, and in the urinary passages. 

Extensive deposits of amyloid may be recognized by the naked eye, 
as the affected parts present a translucent appearance resembling bacon 
(lardaceous degeneration). 

In the apleen the change occurs most frequently in the follicles, which 
in a certain stage of the degeneration may become converted into homo- 
geneous, translucent bodies (Fig. 77, 6) resembling grains of boiled sago, 
wherefore this form of amyloid spleen is known as sago spleen. When 
the amyloid change occurs throughout the spleen-pulp it may be recog- 
nized on the cut surface of the organ as more or less distinct spots or 
streaks. Ultimately the greater part of the substance of the spleen may 
become affected. The spleen is thus enlarged, its consistency becomes 
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glands and the kidneys, this membrane may become affected and greatly 
thickened. 

The results of amyloid degeneration upon the functions and vitality 
of the affected organ are shown, through anatomical investigation, 
most prominently in the marked ehange of structure on the one hand, and 
on the other hand in the associated degeneration and the disappearance of 
the cellular elements, Amyloid disease is eminently degenerative in 
character, The connective tissue itself is permanently changed, as the 
practically insoluble amyloid is never removed from it. 

The deposit of amyloid substance in the tissues of the blood-vessels 
leads to a very marked thickening of their walls, and to a narrowing or 
even obliteration of their lumina (Fig. 81, D), and in this way to a per- 
manent disturbance of circulation. The amyloid masses may compress 
neighboring epithelial structures (Fig. 80) and cause them to atrophy. 
Often there is associated a fatty degeneration of the epithelium (Fig. 81, 
¢, f), particularly in the kidneys; but this change is not to be referred 
wholly to the disturbances of cireulation caused by the amyloid deposit. 
It is more likely that the fatty degeneration, at least in part, is a path- 
ologieal process running parallel with the amyloid disease, and caused 
by the same conditions producing the latter. Consequently, in some 
eases the amyloid change may be slight, while the fatty degeneration is 
very marked. 

In the spleen and lymph-glands the iymploid cells lying in the 
meshes of the thickened reticulum (Fig. 79) disappear as the result of 
atrophy and fatty degeneration. In muscles the contractile substance 


Fos, Ho.—Amylol degeneration of the liver. (Alcohol, Yan Gleson's) „a, Livers part conta 
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diminishes in proportion to the increase of the amyloid deposit in con- 
nective tissue. 


Ai deposit is usually a sequela of cachexia due to chronic ulcer- 
ative of different organs, chronic suppuration (for example, of 
the bones), syphilis, or chronic dysentery. In the cachexia of carcinoma 
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it is but rarely observed. In rare cases the degeneration occurs without 
being associated with any of the above-mentioned diseases. 

According to investigations by Czerny, Krawkow, Lubarsch, David- 
sohn, Maximow, Nowak, Petrone, and Schepilewsky amyloid may be 
produced experimentally in the spleen, liver, kidneys, and intestines of 
various animals, rabbits, chickens, doves, mice, and dogs, through the 
production of suppurations lasting several weeks. Suppurative processes 
caused by staphylococci and oil of turpentine appear in particular to 
favor the formation of amyloid. In a number of cases amyloid was also 
successfully produced through injections of decomposed bouillon, dead 
cultures of staphylococci, rennet-ferment, and pancreatin (Schepilew- 
sky), when the inflammation produced by these agencies ran a somewhat 
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chronic course. Krawkow observed the beginning of amyloid formation 
after three days, Nowak after eight days. 

The origin of the amyloid substance has not yet been definitely deter- 
mined. The results of experimental investigation vary greatly, the de- 
generation being often absent in cases of chronic suppuration (particu- 
larly in dogs). It is probable that the blood brings to the tissues some 
substance which is changed into amyloid at the site of deposit. It has 
been many times shown that as the ‘antecedent of amyloid there is found 
a hyaline substance in the tissues, which does not give the amyloid reac- 
Similar observations have been occasionaily made in mau. The 
al from which amyloid arises is formed, perhaps, by disintegrating 
pus-cells or tissue-cells at the seat of the primary disease. 














According to Kraikme, there are found normally in the artery-wall of the horse, in 
the ligamentum nuchw of cattle, in the stroma of the spleen of calves, and in the mu- 
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cous membrane of the stomach, combinations of chondroitin-sulphuric acid which are 
closely related to amyloid. 
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§ 64. The form of amyloid degeneration just considered is a disease, 
which usually appears as a multiple affection of several organs, or, if 
confined toa single organ, appears as a diffuse change extending through- 
out the whole organ. There is, however, a localized form of amyloid 
deposit, appearing either as a local amyloid infiltration of the tissues or in the 
form of free concretions. 

The local amyloid infiltrations occur in part in very cellular granu- 
lations (conjunctiva) and in tissues showing chronic inflainmatory proc- 
esses; and in part in sears and in hyperplastic proliferations of connec- 
tive tissue. They are also found occasionally in tumors in which other 
retrograde changes have begun. In certain cases only small deposits are 
found in the affected tissues, usually in the vessel-walls. In other cases 
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larger nodules consisting almost wholly of amyloid may be formed, and 
these may acquire a wooden hardness. 

Here also the amyloid substance is deposited in the ground-substance of the 
tissue; but it has been claimed by some authors (Rählmann) that the 
cells of the tissue may acquire a hyaline appearance and give the amy- 
loid reactions. 

Such local formations of amyloid have been found in the inflamed 
conjunctiva, in syphilitic sears of the liver, tongue, and larynx, in in- 
flamed lymph-glands, ulcers of bone, and in tumors of the larynx and 
stomach. Tumor-like nodules of amyloid also occur in the conjunctiva, 
tongue, larynx, and trachea under conditions in which it is impossible 
to establish any relationship between them and inflammatory processes, 
and where besides the hyaline masses there is but little normal connec- 
tive tissue present. According to Manasse such tumors may arise also 
from sarcoma-like proliferations. 

Free amyloid concretions or corpora amylacea occur most frequently 
in the tissues of the central nervous system, especially in the substance 
of the spinal cord, and in the ependyma of the ventricle. They are 
found also in the prostate. In the 
nervous system they appear as 
small (Fig. 82, ¢), dull-shining, 
mostly homogeneous bodies, more 
rarely consisting of a nucleus and 
an outer shell (Redlich); in the 
prostate they form larger (Fig. 82, 
a) bodies which usually show a dis- 
tinct stratification. Corpora amy- 
lacea have also been found in car- 
cinomata (Wagner, Langhans), and 
have been repeatedly observed in 
the lung (Friedreich, Zahn, Zieg- 
ler), where they occur in inflam- 
matory areas, hemorrhagic extra- 
vasations (6), and in emphysema. 
ne Beeman, fami oe yy THe fel epost of emploid and 
sal cine NS, GENE the free amyloid concretions cannot be 
feasts Menara AO Gre regarded aa being wholly of the same 
Corpora amylacea from the spinal curd. “x 400. nature as the progressive amyloid de- 

generation of connective tissue. Some 
of them indeed give characteristic amyloid reactions, and the corpora 
amylacea of the nervous system, in particular, become blue when treated 
with iodine and sulphurie acid. But, in the case of these bodies, we 
have to do with formations which are dependent essentially upon local 
conditions for their origin; and which are derived in part from epithe- 
lium, and in part from connective-tissue cells. They are, therefore, to 
be regarded partly as modified epithelial hyalin (3 61), and partly as 
modified connective-tissue hyalin ($ 66). The prostatic concretions are 
formed through the fusion of masses of degenerating epithelial cells or 
of fragments of the same (epithelial colloid, § 61); and the similar bodies 
found in the lungs and in tumors are composed essentially of the pro- 
ducts of disintegrated cells, though in part also of albumin derived from 
the blood. Redlich considers the corpora amylacea of the nervous sys- 
tem, which stain deeply with hematoxylin, to ‘be derived from the nuclei 
of the neuroglia-cells, and to represent a senile retrograde change of 
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the tissue. On the other hand, according to Stroebe, they are formed 
from fragments of swollen axis-cylinders, while by Siegert they are be- 
lieved to be of cellular origin. 


Literature. 
(Local Formation of Amyloid and Amyloid Concretions.) 


Burow: (Larynxtumoren.) v. Langenbeck’s Archiv, xviii., 1867. 

Ceci: Corpusculi amilacei dell’ encefalo e midollo spinale. ‘Atti de Lincei, ix., 1881. 

Eiger: Zur Amyloidfrage. Cbl. f. allg. Path., xi., 1900. 

Friedreich: Corpora amylacea in den Lungen. Virch. Arch., 9, 10 Bd., 1856. 

Fumagalli e Krach: Degen. amiloide della congiuntiva. Arch. per le Sc. Med., xix., 
1895. 


Glockner: Tumorformiges Amyloid d. Larynx. Virch. Arch., 160 Bd., 1900. 

Grawits: (Nase und Luftröhre des Pferdes.) Virch. Arch., 94 Bd., 1888. 

Hildebrand: Corpora amylacea in einem endostalen Sarkom. Virch. Arch., 140 Bd., 
1895. 

Hippel: (Augenlid.) Arch. f. Ophthalm., 25 Bd. 

Kraus: (Zunge, Augenlid, Trachea, Leber.) Zeitschr. f. Heilk., vi., 1885; vii., 1886. 

Langhans: Corpora amylacea der Lunge. Virch. Arch., 88 Bd., 1867. 

Leber: (Augenlid) Arch. f. Ophthalm., xix. and xxv. 

Manasse: Tumorférmiges Amyloid des Larynx. Virch. Arch., 159 Bd., 1900. 

Posner: Ucber Prostataconcretionen. Zeitsch. f. klin. Med., 16 Bd., 1889. 

Bählmann: (Augenlid.) Arch. f. Augenheilk., x.; Virch. Arch., 87 Bd., 1882. 

Redlich: Die Amyloidkörperchen des ervensystems. Jahrb. f. Paych., x., 1891. 

ur et Hyaline u. amyloide Entartung d. Bindehaut. Arch. f. Augenh., 
25 1 

Schmidt: ‘Amyloidtumoren d. Zunge. Virch. Arch., 143 Bd., 1896. 


Si : Unters. üb. d. Corp. amylacca. Virch. Arch., 129 Bd., 1892. 
Sti : Entstehung von Concrementen der Prostata. Virch. Arch., 98 Bd., 1884. 
Strate. Amyl. Degen. e. Uteruspoly Zeitschr. f. Gebh., xvi., 1889. 


Btrosbe: Repo Vorgänge bei Heilun ung von Rückenmarkswunden. Beitr. v. Zieg- 

r, xv., 1 

Vossius: Amyloide De eneratfon der Conjunctiva. Beitr. v. Ziegler, iv., 1889. 

Zahn: Corpora amyloidea der Lung’. Virch. Arch., 72 Bd., 

Ziegler: Amyloide Tumoren der unge und des Kehlkopfa, Virch, Arch., 65 Bd., 
1875. 


XII. Hyaline Degeneration of Connective Tissue and the Hyaline 
Products of Connective-tissue Cells. 


§ 65. Under the head of hyaline degeneration of connective tissue 
may be grouped those changes in which the fibrous ground-substance of the 
connective tissue of the blood-vessels acquires a hyaline character without giving 
the specific reactions of amyloid (Fig. 83). The change may involve nor- 
mal connective tissue (Fig. 83), or that altered by inflammation, as well 
as the newly formed connective tissue of inflammatory new-growths and 
of tumors. It is dependent partly upon local and partly upon general 
disturbances of circulation. Hyaline degeneration is found most often 
in the connective tissue of the thyroid (Fig. 83, 6); the valvular endo- 
cardium; intima of the arteries; the entire wall of the smaller vessels, 
particularly of the brain and spinal cord; the lymph-glands (Fig. 85, a, 
6); glomeruli of the kidney; the connective tissue and blood-vessels of 
connective tissue tumors of the dura mater (psammoma), parotid, and 
submaxillary glands (angiosarcoma); the connective tissue of corneal 
sears; the peripheral portions of tuberculous nodules; the connective 
tissue of tuberculous tendon-sheaths and bursze mucose (Fig. 84, 5). 

Hyaline degeneration of connective tissue possesses no specific staining 
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§ 66. Hyaline products of connective-tissue cells arise in the first 
place from spherical masses of flut connective-tissue cells arranged in con- 
centric layers, which, in a manner similar to the cornification of epi- 
thelial cells, become changed into a hyaline substance containing no nuclei. 
These formations occur most frequently in the meninges, the choroid 
plexus, and the pineal gland, and in the new-growths arising in these re- 
gions. Through subsequent calcification they lead to the formation of 
laminated concretions of calcium salts (see § 67, Fig. 92). 

Another kind of hyaline formation probably owes its origin to a secre- 
tory activity of the connective-tissue cells. This may be designated 
secretory connective-lissue hyalin, but it must be noted that under this term 
there is included a variety of different formations, and that, as in the 
production of colloid, the cells as a whole may be converted into hyaline 
products. In this category may be placed first the so-called granules 
(granula)—that is, the small granules which are found in the proto- 
plasm of certain leucocytes, and also in many connective-tissue cells in 
both normal and inflamed, or otherwise altered, or proliferating tissues. 
Some of these granules are oxyphile, and stain especially with eosin, so 
that they have been designated eosinophile cells. Others stain intensely 
with basic stains, and are usually designated as mast-cells (Ehrlich). Iu 
both forms of cells the granules may be so numerous as to convert the 
cells into granule-spheres. 

Further belong here certain granules and spherules of hyaline ap- 
pearance which stain especially intensely with fuchsin, though staining 
also with methyl violet, gentian violet, ete.; and which are known as 
‚Fuchsinophile bodies. They are also often called Russel’s bodies from the 
fact that they were described closely by Russel, who regarded them as 
parasitic fission-fungi. In the sand-tumors of the meninges the ante- 
eedents of the caleareous granules may be represented by intracellular 
hyaline spherules. 

Fuchsinophile bodies are found both in normal and in slightly altered 
tissues (adrenals, various mucous membranes—as that of the stomach— 
in the brain, spleen, and Iymphadenoid tissues), also in inflamed tissues 
(partieulariy the mucous membranes, for example, of the stomach), in- 
flammatory new-growths (polypi of the stomach), and in connective- 
tissue tumors, They are partly intracellular, sometimes in great num- 
bers, Med partly extracellular. They are to be regarded as cell-products, 
probably of the nature of a cell-secretion, or formed as the result of the 
disintegration of the cells. Of their genesis and their composition noth- 
ing definitely Is known; it is possible that they have a close relationship 
with the mast-cells. Those occurring in the brain and spinal cord are 
cenerally classed with the corpora amylacea ($ 64), even when they give 
no specific iodine reaction. 

Finally, there should be considered in this connection the larger Aya- 
line spherules and casts of tubes (changed blood-vessels) resembling epithe- 
hal colloid, which are not infrequently seen in sarcomata (see Endothe- 
lioma and Angiosarcoma), inasinuch as these formations are also to be 
regarded as products either of a secretory or of a degenerative process on 
the part of cells. 
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The significance of the granules of eosinophile and mast-cells, as well as the neu- 
trophile granules of the leucocytes (which stain with a neutral dye obtained through a 
mixture of acid fuchsin and basic methyl green), cannot be positively stated at the 
present time. Zhrlich, Heidenhain, and ZLöwit regard the granules of the leucocytes 
as secretory products of a specific metabolism of the cells in which they are found, so 
that these cells may be looked upon as unicellular glands. By some writers (Browicz, 
Reauduitz) the so-called mast-cells are regarded as degencrating-cells, others (Neumann) 
look upon them as representing a stage in the development of proliferating cells, while 
others still (EArlich, nheim, Korybutt-Daszkiewicz) believe that they are simply cells 
which have received an excess of nutriment. 

Arnold regards the cell-granules which may be demonstrated by means of especial 
stains in leucocytes, pus-corpuscles, bone-marrow cells, and also in other cells, not as 
yxranules of secretion, but as representing changed structural elements of the cells aris- 
ing out of a metamorphosis of the plasmosomes— ‘that is, the microsomes of the cell- 
cytoplasm (see § 81). Acidophile cells may be transformed into basophile, or the reverse 
may occur; these phenomena ure to be regarded as the expression of different stages 
of development with changes in the physico-chemical properties. 


The formations described in $$ 65 and 66 as conneetire-tissue hyalin are undoubtedly 
pathological products, which differ from each other in so far as their mode of origin and 
their chemical composition are concerned. Since we do not yet know the nature of the 
processes leading to these hyaline formations, there is nothing to do but to group them 
according to definite points of view. 

Von Recklinghausen gives to the term hyalin a much more comprehensive meanin 
than Ido. He includes under the head of hyaline degeneration different pathologica 
changes which I have placed under other heads. He defines hyalin as an albuminous 
body which stains intensely with eosin, carmine, picrocarmine, and acid fuchsin; is 
homogeneous and strongly refractive; is but slightly changed by acids; and in its re- 
sistance to alcohol, water, ammonia, and acids resembles amyloid, but does not give the 
iodine reaction. As hyalin he includes epithelia) colloid and the hyaline products of 
connective tissue cells, as well as hyaline degeneration of the ground substance of the 
connective tissue, also hyaline thrombi, and the hyaline coagula of inflammatory exu- 
dates, and hyaline tissue-necroses. According to this author, all these formations result 
from the fusion of the elements of neighboring cells. From their external appearance, 
all these products may be properly designated Ayalin ; but the following varieties must 
be recognized: eptthelial hyalin (colloid, keratohyalin), connectire-tissue hyalin (hyaline 
degeneration of the ground-substance of connective tissue, hyaline products of cells, and 
cells which have become hyaline), blood-hyalin (hyaline thrombi), erudatire hyalin (hya- 
line coagula of exudates on mucous membranes, serous surfaces, inflamed connective 
tissue, in the urinary tubules, tubercles, etc.), and Ayaline tissue-necroses. In the case 
of connective-tissue hyalin a distinction must be made between the hyalin formed as a 
secretion in the cells (closely related to epithelial colloid, in its mode of origin), and 
hyaline degeneration of the ground-substance of connective tissue. 
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XIII. Petrifaction of the Tissues and the Formation of Concretions 
and Calculi. 


$ 67. It is, on the whole, of rather frequent occurrence for firm erys- 
talline, or amorphous, granular masses to be deposited in various parts 
of the body-tissues; and when such deposits are of such extent as to 
cause hardening of the 
affected tissue, the result- 
ing condition is known 
as petrifaction, or when 
the deposit consists of 
lime-salts (particularly 
phosphates) as calcifi 
tion. 

The deposit may 
occur, in the first place, 
in a tissue which forms 
au integral element of 
an organ, and which 
bears its normal relation 
to the surrounding tis- 
sues. In other cases it 
takes place in portions 
of tissue which have 
been loosened from their 
scam enteentton ofa et er. surroundings; or insol- 
a ee ee ieimann; Üble substances which 
1 nüvi. Scene mts Ducscaleteatlon: nn, become changed in- 

to a firm state; or, final- 
ly, in foreign bodies which have entered the body from without, and 
form the centres of a process of inerustation. 

In the first case there arise petrifactions of the tissues; in the sec- 
ond, free concretions and calculi. It is to be noted, however, that un- 








Ki 
um, 
mein NW. 








222 THE RETROGRADE CHANGES. 


In rare cases there may occur a deposit of lime-salts in organs which 
show but slight changes—for example, in the lungs. Since in part of 
such cases there is found at the same time a more rapid absorption of 
the skeleton (senile atrophy of the bones, destruction of the bones by 
tumors), this deposit is regarded as metastatic in nature, due to the over- 
loading of the blood with lime-salts. Even under these circumstances 
the immediate cause of the calcification is local, and is dependent upon 
retrogressive changes—in the lung tissue (senile atrophy, obliteration of 
vessels, venous congestion) ; and the increased absorption of the skeleton 
is but a favoring factor. According to investigations by Kockel the 
elastic lamell® of the small and medium-sized vessels in particular be- 
come calcified, but the elastic fibres and capillaries of the alveolar septa 
are also involved. 

The lime-salts are first deposited in the tissue in the form of small 
granules (Fig. 88); and preparations may occasionally be obtained in 
which the separate calcareous granules are yet distinctly visible. 

Through the confluence of such granules larger clumps and spherules 
are formed (Fig. 89). More frequently, however, there results a more 





Fig. 91. Fra. 92. 


Fic. 91.—Calcareous concretions. a, Concretions from an {named omentum; b. calcareous masses 
from & tuberculous Iymph-gland which had undergone caseation. X 200. 


Fic. 92.—Section from a psammoma of the dura mater, with concretions. (Alcohol, pierie acid, 
heeniatoxylin, eosin.) a, Hyaline nucleated spherule with enclosed calcareous granule: b. calcareous con: 


cretion with hyaline non-nutcleated capmule, embedded In fibrous connective 5 ©, calcareous cones 
tion surrounded by hyaline connective tise; d, calcareous, spleule In connective Hasue; c, calcareous 
spicule contalning three separate concretions, embedded fn the connective tissue. X 175. 


homogeneous deposit, in which it is impossible longer to distinguish the 
individual granules. 

The calcification may affect both the cells (Fig. 90, d, e) and inter- 
cellular substance (Figs. 87, 88, and 89). During the process of caleifi- 
cation the degenerated tissue shows different reactions toward certain 
stains from that exhibited by unchanged intercellular substance or liv- 
ing cell-protoplasm, in that the area of calcification stains a dark bluish 
violet with hematoxylin (Fig. 87, b, ¢, d; Fig. 90, d, e), and red with 
picrocarmine. This applies, however, only to deposits of carbonates and 
phosphates of lime, but not to those of calcium oxalate. According to 
von Kossa, the presence of calcification may be also demonstrated by 
means of dilute solutions of silver nitrate, a black color being produced 
during the formation of silver phosphate from the organic constituents 
remaining in the granules of calcium phosphate. 

Calcification may affect small or large areas of tissue, causing in the 
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latter ease a hardening and whitish coloration of the tissue. At times 
the areas of calcification may appear as sharply circumscribed spherical 
or nodular masses (Fig. 91 and Fig. 92, a, 6, c), or long spicules (Fig. 
92, d) or cactus-like formations. In this manner there are produced 
concretions lying in the tissues, and these not infrequently may be 
recognized by the naked eye. Under physiological conditions such con- 
cretions in the form of laminated calcareous spherules occur particularly 
in the pineal gland and the choroid plexus (the so-called brain-sand, acer- 
vulus cerebri). As pathological formations they are found in different 
parts of the pia and dura mater; in many tumors of the same (psammoma 
or sand-tumors, Fig. 92), also in areas of caseation (Fig. 91, 5), or in 
thickened connective tissue (Fig. 91, a). The origin of these formations 
may be studied to the best advantage in the psammomata. In general 
they arise through the conversion of tissue-cells (Fig. 92, a, 6, c) or 
fibrous connective tissue (d) into hyaline masses, at first containing nu- 
clei (a) but later showing none (b, e), these masses then taking up lime- 
salts. Spherical concretions arise in particular from hyaline masses of 
cellular origin (a, b, c); the spicules (d) from hyaline connective tissue, 
though spherical concretions may be formed also in hyaline connective 
tissue (e). The connective tissue which undergoes hyaline degeneration 
and calcification is for the chief part ordinary fibrous tissue, but the spi- 
cules of lime-salts and round concretions may be formed also in the vessel 
walls. 
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See also § 69. 





‘clung der Osteome der Arachn. spinalis. Beitr. v. Ziegler, v., 1889. 


$ 68. The more common petrifactions consist of deposits of phosphate 
of lime, sometimes of carbonate i 
be mixed. Under especial conditions there occur also deposits of uric- 








Fro, 96.—Depostts of rates in the knesolnt, In a cage of gout. a. Condylos of the femur; d, urate 
deposits on the cartilage. Two-thirds natural 


acid salts; particularly in the disease known as gout, which is a chronic 
disturbance of the general nutrition characterized by a wric-acid diathesis 
leading to a deposit of uric acid in the tissues. 

Gout is usually inherited, and but rarely acquired; it occurs most 
frequently in certain regions, as, for example, in England and in North 
Germany; and is very rare in other countries, as inSouth Germany. Of 
the ultimate cause of the disease we have as yet no positive knowledge. 
It is characterized chietly by the deposit in the body of uric-acid salts, 
chiefly sodium urate, with which small quantities of carbonate and phos- 
phate of lime are sometimes associated (Fig. 93, b). The deposit of 
alts takes place usually during acute, typical paroxysms charac- 
d by pain and inflammation, but very great departures from a 
typieal course may oeeur. The deposits are found in the kidneys, skin, 
subeutaneous tissue, tendon 
sheaths, tendons, ligaments, 
burse, and articular cartilages 
(Fig. 93), but may finally be 
present in almost all the organs. 
The metatarsophalangeal joint 
of the great toe is a favorite site 
of deposit, and often the first 
part affected. The deposits con- 
sist essentially of clusters of fine 
urate ja’ ne Beeler vorlagen (after Damenaux) slender needies (Fig. 94), in 
x18, whose neighborhood the tissues 

are degenerated or necrotic ; and 
from this it may be assumed that the urates entering the tissues in solu- 
tion give rise to the necrotic changes in the latter. 
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The areas of necrosis and incrustation are at first of small size, but 
occasion inflammation and tissue-proliferations in their neighborhood. 
later, with the occurrence of 
other paroxysms the deposits 
become larger, so that large 
nodules (the so-called tophi) 
are formed. These consist of 
white, plaster-like masses, and 
under certain conditions may 
form marked nodular thick- 
enings in the joints and ten- 
dons (Fig. 95). 

In the joints the articular 
cartilages at first appear as 
if sprinkled over with plaster- 
of-Paris (Fig. 93, 6), but later 
the white masses penetrate 
deeper and may permeate the 
entire articular cartilage. In 
the kidneys the tissue-necrosis 
caused by the uric acid, and 
the resulting inflammation 
may lead to contraction and 
induration of the organ. The 
deposit affects chiefly the 
medullary pyramids, but is 
found also in the cortex. 

According to Garrod and 
Ebstein the acute paroxysms 
in gout depend upon an ex- 
cessive accumulation of uric 
acid, either as the result of 
deficient excretion by the kid- 
neys (Garrod) or of local 
changes (Ebstein). Accord- 
ing to Pfeiffer the gouty pre- 
disposition is due essentially 
to the fact that the uric acid Fio. 95—Gouty nodes of the hand. (After Lancereaux.) 
in the body-fluids is produced 
in a form which is soluble with difficulty, and tends to be deposited in 
the tissues where it may collect in such quantity as to cause a localized 
necrosis. The sy! mptoms of the gouty paroxysm are supposed to depend 
upon an increased alkalinity of the body-fluids caused by especial con- 
ditions, as a result of which there follows a partial solution of the de- 
posited uric acid, in the course of which process attacks of pain and 
symptoms of inflammation are produced. On the other hand, von 
Noorden regards the formation and deposit of uric acid as a secondary 
process, due to the local action of a special ferment, and quite inde- 
pendent of the amount and condition of the uric acid in other parts of 


the body. 











226 THE RETROGRADE CHANGES. 


Literature. 
(Gout and Gouty Deposits.) 


Aschoff: Exper, Harnsäureablagerungen. Verh. d. pathol. Gesell., ii., Berlin, 1900. 

Berkart: Path. of the Gouty Paroxysm. Brit. Med. Journ., i., 1895. 

Cantani: Specielle Pathol. u, Ther. der Stoffwechselkrankheiten, ii., Berlin, 1880. 

Charcot: Maladies des vicillards, goute et rheumatismes. (Euwres compl, vi. 

aris, 1880. 

Duckworth: Traité de la goutte, Paris, 1898; Die Gicht, Leipzig, 1894. 

Ebstein: Die Natur u. Behandlung d. Gicht, Wiesbaden, 1882: Verhandl. d. VIII. 
Congr. f. inn, Med., Wiesbaden, 1889; Beitr. z. Lehre v. d. harnsauren Diathese, 
Wiesbaden, 1891. 

Ebstein u. Sprague: Beitr. z. Analyse gichtischer Tophi. Virch. Arch., 125 Bd., 
1891 


Freudweiler: Exp. Unters. über das Wesen d. Gicht. Deut. Arch. f. klin. Med., 68 
1900, 





Die Natur und die Behandlung der Gicht, Würzburg, 1861, 
irkung des sauren harns. Natrons. Deut. Arch. f. klin. Med., 67 Bd., 1900. 

Kolisch: Wesen und Behandlung der uratischen Diathese, Stuttgart, 1895. 
Kionka: Vogelgicht. Arch. f. exp Path., 44 Bd., 1900. 
Levison: Die harnsaure Diathese, Berlin, 1893, 
Lilchatscheft; Uratablagerung nach Ureterunterbindung. Beitr. v. Ziegler, xx, 1808. 
Minkowski: Phys. u. Pathol d. Harnsäure. Arch. f. exp. Path., 41 ., 1888. 
Mordhorst: Entstehung der Uratablagerungen, Virch. Arch., 148 Bd., 1897. 
v. Noorden: Pathologie des Stoffwechsels, Berlin, 1898, 
Pfeiffer: Das Wesen der Gicht, Wiesbaden, 1891. 
Riess: Gicht. Eulenburg’s Realencyklop., 1896. 








$ 69. Free concretions are formed in the first place in the various 
duets and cavities of the body which are lined by epithelium, as in the 
intestines, in the ducts of the glands pouring their secretions into the in- 
testine, in the gall-bladder, urinary passages, and respiratory tract. In 
a certain sense the concretions formed in the blood-vessels and serous 
cavities might also be included in 
this group, although they are for 
the greater part firmly united to 
the surrounding tissues. 

All free concretions possess an 
organic base or nucleus. Thus en- 
teroliths which form in the intes- 
tines have a nucleus of inspissated 
feces, or foreign bodies which 
have been swallowed, such as hairs 
(bezour stones or egagropile), or 
indigestible portions of vegetable 
FIG. 98.—Faceted stones. trom the gallbladder. £004, ete., in and about which 

Natural size. phosphates (ammonium - magne- 
sium phosphate and calcium phos- 
phate), and carbonates are deposited in varying proportions according 
to the nature of the food ingested. In the mouth-cavity inerustations of 
the teeth, known as dental calculi or tartar, are formed by the deposit of 
lime-salts in m; s consisting of mucus, cell-detritus, and bacteria. In 
the same way there are formed in the duets of the salivary glands and pan- 
creas oval or spherical faceted, or irregularly nodular, glandiform conere- 
tions, through the calcareous impregnation of a substance derived from 
the epithelium of the gland. . 
Bronchial caleuli are formed by the calcification of thickened bronchial 
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bladder. Gall-stones occur especially in advanced years; stagnation of 
the bile favors their formation. Inflammations of the mucous membranes 
of the bile-passages (angiocholitis) lead to desquamation and destruction 
of the epithelium (eventually also to escape of leucocytes), and in the 
products derived from these pathological changes bilirubin and choles- 
terin are deposited. When once a concretion is formed it increases in 
size through the deposit of new products of cell-disintegration which be- 
come encrusted with cholesterin, pigment, and calcium. According to 
Naunyn the originally soft nucleus of the concretion undergoes a change, 
in that it separates into firm, granular masses of pigment-caleium and 
erystals of cholesterin which are deposited upon the outer crust, and into 
fluid, so that the stones may at times contain a cavity filled with fluid. 
In the course of time this cavity may again be filled with cholesterin; 
and also the pigment and calcium in the remaining portions of the stone 





Fie, 9. Fia. 100. 


Flo. 9... Coralahnpesd stone from the bindder, compoed of calclum oxalate and phosphate. Natural 


Fic, 100.-Transvers wetion of two stones from the bladder, closely Atted together, and constating af 
sodium urate and ammonfun-nimguesium phosphate. Natural 


may be gradually replaced by cholesterin. Further, calcium carbonate 
may also be deposited. 

The cholesterin masses from which the concretions are formed are 
derived chietly from the disintegration of epithelial cells; likewise, the 
lime-salts combining with bilirubin are also furnished by the mucous 
membrane, 

As Ebstein has shown, the urinary caleuli, gravel, and stones are also 
composed of an organic ‘ground-substance, an albuminous stroma, in 
whieh the ituents of the urine may become deposited. Ac- 
cording to location wen distinguish caleuli of the kidney and those of 
the descending urinary passages. In the kidneys the deposits may form 
only small granul ng in the tissue itself, or in part also free in the 
lumen of the urina Y tubules, in the latter place lving in the products 
derived from the disintegration of neerotie epithelial cells. This is true 
in the fi place of the which, as mentioned above, oceur in 
the necrosed renal epithelium after poisoning with corrosive sublimate, 
bismuth, alc copper-salts, iodine, phosphorus, potassium chromate, 
and oxalie a The same thing is true of some of the gouty deposits. 
Finally, belongs here the so-called wric-acid infarct of the new-born, a con- 
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dition characterized by the appearance of yellowish-red stripes in the 
medullary pyramids. The condition is not infrequently seen in children 
dying during the first five weeks after birth. The epithelium of the 
tubules is usually well preserved, but in places desquamation and disin- 
tegration of single cells may be found. The lumina of the tubules are 
tilled with very small, colorless or yellow granules of urates or uri«: acid, 
which at times show fine radiating lines (Fig. 98, db). On solution of 
these granules a delicate stroma remains (c). If asthe result of the 
presence of the infarct further changes in the epithelium of the tubules 
are produced, leading to the formation of albumi- 
nous material in the tubules, single granules ma 
under certain conditions develop through accretion 
into large stones, but this occurrence is rare. 

In the pelvis of the kidney, ureters, urinary 
bladder, urethra, and under the prepuce concre- 
tions may be formed, either as sand, gravel, or 
stones. The last-named are oval or spherical, and 
may be smooth or rough and nodular, not infre- 
quently resembling a mulberry or mass of coral 
( Figs. 99and 100). When several stones lie close- 
ly together, their surfaces may become faceted 
(Fig. 100). Those found in the kidney pelvis 
may form casts of the cavity and of the calyces. 

‘When examined iu section, urinary calculi are 
sometimes homogeneous, at other times distinctly 
stratified (Fig. 100) or show radiating lines. Not 
infrequently there may be seen a nucleus and 
several zones of different appearances. The crys- 
talline masses lie partly in the spaces of the 
stroma, and partly in the latter itself; and it may, 
therefore, be assumed that the stroma is a product 
of the mucosa of the urinary passages, and that 
its formation follows catarrhal inflammations or 
toxic necroses of epithelium when these lead to the 
collection of mucus or cell-detritus in the tubules, 

What sub: ces are deposited in a given case 
in the products of the mucous membrane depends 
upon the sting conditions. When the condi- 
fi voring stone- formation are associated with 
, or if the exeretion of urie- 
i tissne-neerosis has at the 
time produced the conditions favoring the Fic. 191.—Incrusted tead- 
development of concretions, the deposits in the Fre nale umes Vladkien 
organic ground-substance will con: chietly of Reduced és 
urates. Decompos; n of the urine with forma- 
tion of ammonium-magnesium phosphates leads to the produc 
calculi consisting chiefly of this substance, Cystin ealeuli ma 
formed when eystin is excreted by the kidneys, as the result of pe- 
culiar metamorphoses of albumin in the in! », due to the action of 
bacteria (Baumann, von Udran Brieger When once a stone is 
formed, the irritation which it ses upon that portion of the mucous 
membrane with which it com well as the decomposition 
of the retained urine, favors further growth by etion. — Likewise, 
Foreign bodies (Fig. 101), which have in any way entered the bladder 
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from without, may lead to the formation of caiculi, through the irritation 
which they excite in the mucous membrane of the bladder. 


Intestinal calculi are much more common in horses and cattle than in-man; since 
undigested vegetable material and hairs which have been licked off are of frequent oc- 
currence in the intestinal canals of these animals and form the starting-point of such 
concretions. The true stones, which occur especially in horses, are rather hard masses 
consisting chiefly of magnesium phosphate; the false stones consist of hairs and vege- 
table tibres which are more or less encrusted. Occasionally balls are found which con- 
sist almost wholly of hair (egagropili or bezoar stones). In ruminating animals they are 
found chiefly in the rumen or reticulum; in hogs, more frequently in the small intestine. 

According to Schuberg, the enteroliths of herbivorous animals consist chiefly of car- 
bonates; those of carnivorous, of phosphates. The composition of those found in man 
varies according to the food ingested. 

Urinary calculi are classified according to their composition as follows: 

1. Calculi cumposed chiefly of uric acid or urutes. 

re uric-ucid calculi are usually small, yellow, reddish, or brownish in color, and 
hard. 

Stones consisting of urates are rarely pure. They are usually covered on the surface 
with a coating of calcium oxalate and ammonium-magnesium phosphate. 

2. Caleuls composed chiefly of phosphates and carbonates. 

To this class belong stones composed of calcium phosphate, ammonium-magnesium 
phosphate, and caleium carbonate. The last two varieties are rare. All these calculi are 
white or grayish-white. The triple phosphate stones are soft and friable, the others 
hard. 

3. Stones composed of caletum oralate. 

These are hard and rough, and of a brown color. 

4. Cyatin calculi, 

These are soft, waxy, and of a brownish-yellow color. 

5. Xanthin calenli. ' 

These are cinnabar-red in color, smooth, and have an earthy fracture. 

Ebstein and Nicolaier succeeded in experimentally producing urinary calculi by feed- 
ing animals with oxamide, an ammonium derivative of oxalic acid. The greenish-yellow 
concretions thus produced in the urinary passages of dogs and rabbits consisted essen- 
tially of oxamide; on section they presented a concentric laminated structure showing 
radiating striations. They were found likewise to possess an albuminous stroma, which 
was derived from the necrosis and desquamation of epithelium caused by the action of 
the oxumide during excretion. 
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appear in the voluntary muscles in conditions of atrophy; and in old per- 
sons the smooth muscle of the intestine always contains more or less of a 
yellow granular pigment, so that sometimes the outer surface of the in- 
testine may show a yellow or yellowish-brown coloration. 

The most intense grades of pathological pigmentation are met with 
in freckles, lentigines, pigmented moles (Fig. 102) and pigmented warts, and 
in black melanotic tumors (see Chapter VIII). The amount of pigment 
may be so great as to give the tissues a pure black eolor. . : _. 2... 

The pigment. lies for the greater part inside of tissue-cells (chromato- 
pnores), more rarely in the intercellular substance. It is Composed of 
yellow, brown, or black granules; not infrequently individual celts may 
be diffusely pigmented. In Addison’s disease the pigment-granules are 
found partly in epithelial cells, especially in those lying directly upon 
the connective tissue ( Fig. 103, 
A, a, 6, and B, a), and part- 
ly in branched connective-tis- 
sue cells (A, ¢, c, d), from 
which pigmented processes ex- 
tend up between the epithelial 
cells (B, ce). 

In the pigmented spots of 
the skin and in melanotie sar- 
comata the pigment is partly 
contained in especially differ- 
entiated connective-tissue cells 
of large size, and partly in ap- 
parently normal cells of the 
given tissue, very often in the 
connective-tissue cells in the 





Fig. 10.- .4, and B, Pigmented cells of the skin from 
acase of Addison's disease with caseous tuberculosis of 


both adrenals. (Alcohol, carmine.) a, Piginented epi- 
thelium cells from the deepest layer, in a section cut at 
Meht angles to the surface. of, >, Pigmented epithelial 
cells from a section made parallel to the surface. By bh, 
Epithelial cells containing no pigment; c.c,, nucleated 
pigmented connective-tissue cells, the processes of which, 


neighborhood of the vessels 
and in the cells of the vessel- 
walls. 

In the ganglion-cells the 
pigment is composed of brown 
granules, 


ın B, push between the epithelial cells; d, pigmented 
vell-provessen. > 350. 


The pigments just described 
are products of a specific cell- 
activity; and we must suppose that many connective-tissue cells, gan- 
glion-cells, and muscle-cells are able to form pigment from the material 
brought to them. Im the majority of cases the pigment appears to be 
formed in the places where it is found; yet different investigations make 
it probable that the pigment. may at times be transported. The pig- 
ment of the epidermis and of the hairs, at least in part, is not formed 
In the epithelial cells themselves, but in branched connective-tissue cells 
(Fig. 103 4, ¢, d, and B, e) which lie just beneath the rete, and send 
processes between the epithelial cells, through which the pigment is 
transferred to the latter. 

The fact that the pigment is often found particularly about. the blood- 
Vessels would seem to indicate that the material from which it. is formed 
is derived from the blood, and many authors aceept without question the 
View that the pigment isa derivative of the coloring-matter of the blood. 
Against this view is the faet that neither in the blood nor in the neigh- 
borhood of the blood-vessels are there present evidences of an escape of 
the red blood-cells or of a disintegration and solution of the same. It 
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is, therefore, very probable that the pigment is formed either from the 
circulating albumin or from the albumin of the cells. 

The attempt has been made to solve this problem by means of chemi- 
eal investigations; and the results obtained up to the present time favor 
the theory that the pigment is a product of cell-activity, and is formed 
from albuminous bodies. The different forms of melanin, in which 
group the pigments of the skin and choroid are usually placed, are, ac- 
cording to the investigations of von Nencki, Sieber, Abel, Davids, and 
Schiniedeberg, nitrogenous bodies rich in sulphur, but vary greatly in 
composition. According to Schmiedeverg these differences depend upon 
their mode of origin, inasmuch as these pigments represent the final prod- 
uct of a long series of metamorphoses of albumin; and in their formation 
ınay be compared to the development of humus, The genuine albu- 
minous bodies do not furnish the material for the building up of this 
final product (Schmiedeberg), but it is derived from sulphur-containing 
bodies formed by the splitting-up of the albumins, and from which cer- 
tain carbon-containing groups have already been split off, so that there 
arise combinations which in proportion to their carbon-content are very 
rich in sulphur, and from these the melanins are formed. 

The majority of authors regard melanin as an iron-free substance. 
Brandl, Pfeiffer, Morner, and others, on the other hand, found small 
quantities of iron in melanosarcomata; but this cannot be regarded as a 
proof that the melanin was derived from hemoglobin, inasmuch as a 
tumor may contain besides melanin also iron-containing produets arising 
from the disintegration of red blood-cells. The majority of the pigment 
granules give no reaction for iron. 

Lipochrome is the term applied to the coloring-matter of adipose 
tissue, corpora lutea, ganglion-cells (Rosin), and of the greenish tumors 
known as chloromata (Krukenberg). Of the origin and nature of this 
pigment nothing definite is known. 

Hemofuscin (von Recklinghausen, Goebel) is the iron-free, yellow- 
ish, granular pigment found in heart-muscle, smooth and striped muscle, 
in the cells of the glands of the stomach and intestine, in the laehry- 
mal, mucous, and sweat glands. According to von Recklinghausen this 
pigment is derived from the blood, but it has not yet been established 
that it is a hemoglobin-derivative. The sulphur-eontent (Rosenfeld ) 
makes it not unlikely that the hieinofusein granules belong to the mela- 
hin group. 


Aehy was the first to express the belief that the epithelial cells themselves do not 
form the pigment, but obtain it from wandering cells which penetrate between the in- 
dividual epithelial cells and there degencrate, the pigment and cellular debris being 
taken up by the epithelium. According to con Kölliker, “the pigment of the hair and 
epidermis is derived from pigmented connective-tissue cells which He just beneath the 
deepest layers of the epithelium of the hair-bulbs and of the rete, and send processes 
between the delicate cells of these lavers. These processes divide into long fine ramiti- 
cations which lie in the intercellular spaces and may even penetrate into the cells them- 
selves, and in this way transfer their pigment to the latter.” The pigment of the gan- 
glion cells and of the cells of the retina arises, on the other hand, in the ectodermal cells 
themselves. Réeehd and Ehrmann agree with ron Kölliker.  Karg observed that. follow- 
ing the transplantation of white skin on to the surface of a leg-uleer in a negro, the 
white grafted portions became wholly black in from twelve to fourteen weeks: and he 
concludes that. in the pigmentation of the epidermis, prgmented connective-tissue cells 
penetrate between the epithelial cells and convey pigment to the latter. Microscopical 
examination showed the presence of such pigmented processes between the epithelial 
cells at a time when the latter had not vet become pigmented. Von Weld has shown 
that in melanosarcomata of the skin pigmented convective tissue cells may penetrate 
bet ween the epithelial cells. Similar pigmented connective-tissue cells are found in the 
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pigmented portions of the skin or mucous membranes in cases of Addison’s disease, 
usually, however, in certain areas only and not every where. 

Histological studies of the mode of formation of the normal pigment in various 
animals, chiefly in fishes, amphibia, and reptiles, have led to different conclusions. 
Thus Jarisch is of the opinion that the pigment of the skin and teeth of tadpoles is not 
derived from the blood, but isa product of the protoplasm, while Zist, on the other 
hand, believes that the pigment of the skin of fishes and amphibia is formed from 
hemoglobin. Ehrmann holds that the melanotic pigment of all vertebrates is a hwemo- 
globin-derivative. According to Kromayer, the pigment of the skin of mammals is 
derived from the protoplasmic fibrille (spongioplasm) and represents a degeneration- 
product of the same. 

In domesticated animals there occurs a peculiar melanosis of the internal organs, 
occasionally associated with melanosis of the subcutaneous tissue. The affected organs 
(heart, lungs, intestines, etc.) present in varying numbers grayish or black spots, look- 
ing like ink-spots, which are produced by the deposit of pigment in connective-tissue 
cells which otherwise appear normal. 

Under the term ochronosis of cartilage, Virchow described a peculiar iron-free 
pigmentation of the cartilage, tendon-sheaths, and capsules of the joints, in which the 
cartilage shows a brown or black color, caused by the imbibition by the ground-sub- 
stance of some pigment. Virchow believed the condition to be due to the imbibition 
of blood-pigment, and compares the process to the pigmentation of freckles and lentig- 
ines. It is probable that the condition is a more pronounced form of the brown fég- 
mentation, Which occurs especially often in the costal cartilage of old persons. Occa- 
sionally the pigment is deposited in a granular form, and may be found as granules 
within the cells. Of the nature of the pigment and its origin nothing is known; it 
probably belongs to the melanin group. 
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§ 71. Haamatogenous pigments—that is, the pigments whose origin 
from the coloring-matter of the blood may be demonstrated beyond any doubt 
— are derived usually from blood which has escaped from the blood-ves 
sels, or has undergone coagulation within the vessels, and are, therefore, 
dependent upon local changes. In other cases they may be caused by a 
taking-up of blood-pigment into the blood or by a change in the blood 
itself, whereby granular pigment iseither formed in the blood, or hamo- 
globin passes into the blood-plasma, so that pigmentation of the tissues 
results from metastatic deposits of pigment, Such pigmentations are known 
as hemachromatoses. 

Both large and sınall extravasates of blood very soon undergo cer- 
tain changes which are visible to the naked eve. Extravasates in the 
skin become first brown, then blue, followed) by green, and finally yel- 
low. Small hemorrhages into the tissues, as in the peritoneum, pleura, 
and lungs, may show for a long time as reddish-brown spots; in de- 
composing cadavers their color may be slate-eolored or black. Large 
hemorthages into the tissue, as in the brain or lungs, assume after a cer- 
tain time a rust-brown color, which Jater changes to an ochre-vellow, 
yellow, yellowish-brown, or brown pigmentation. All these changes of 
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color correspond to certain changes in the hemoglobin and in the iron 

which it contains. 
Whenever a hemorrhage occurs in the tissues or into a body-cavity, 
a certain portion of the blood-plasma and of the red blood-ceils may be 
taken up unchanged through the Iymph-vessels. Another portion of the 
corpuscles gradually loses its hemoglobin, the pale stroma of the corpus- 
cles remaining. The escaped hemoglobin diffuses through the surrounding 
tissues, and from it there 
are formed the different 
e 3 e TW products which give rise 

® 


BEER e to the changes of color in 
BE ¢, 6 / the neighborhood of the 


ee “6: , > extravasate. A part of 
ae e... a 7, the absorbed hemoglobin 
ler, V may be excreted as urobi- 

Oe ee AG lin (urobilinuria) ; another 
Fee ee part, on the other hand, 


nıay be preeipitated in 
the tissues in the form of 


Fig. 104. — A, Cells containing amorphous blood-pigment: a, : 
those with few large fragments of red blood-cells; 2, c, those granules or cry stals. The 


blow-cells, By rhombie plates and needles ot huamasoldin en a thombie ple rea or 

needles of hematoidin (Fig. 
104 B); and represent a frequent residuum of hemorrhages. <A portion 
of the diffused hemoglobin may also be taken up by cells, the latter 
thereby acquiring in part a diffuse yellowish pigmentation, or in part 
showing the presence of yellow and brown pigment-granules. 

A third portion of the blood-corpuscles disintegrates at the site of 
the extravasation, and forms yellow and brown granules and lumps. This 
event occurs particularly in larger extravasates in the so-called Aamato- 
mata, The pigment-granules and lumps which arise either directly from 
the disintegration of red blood-corpuseles, as well as the crystals and 
granules precipitated from the dissolved hemoglobin, are often taken up 
by cells, partly leucocytes and partly cells derived from proliferating 
tissue; and these form the so-called blood-corpusele cells and pigment-con- 
taining cells (Pigs. 104, A and 105, a, 6). 

At the beginning of the disintegration of the red corpuscles the color- 
ing-matter present is hemoglobin, but this quickly undergoes changes; 
and the vellow and rusty masses and granules which are found both in the 
cells and lying free, and which become changed in the course of time into 
darker pigment, are no longer hemoglobin itself, but represent different 
derivatives of hemoglobin. According to their chemical composition 
these derivatives may be divided into two gronps, one iron-free, the other 
containing iron. The former is known as hematoidin, the latter as hamo- 
siderin (Neumann). 

Hematoidin (identical with bilirubin) is a ruby-red (Fig. 104, B) or 
reddish-yvellow (Fig. 105, 0) pigment occurring either in crystalline form, 
or as granules, which may be amorphous, but often show a somewhat 
angular shape (Fig. 105, 6), suggesting rudimentary and imperfect erys- 
tals. Hiematoidin is scluble in chloroform, carbon disulphide, and 
absolute ether; and insoluble in water and aleohol. It would appear to 
be formed especially when hemoglobin is but slightly exposed to the 
action of living cells, as is especially the case in the centre of large ex- 
travasates and in hemorrhages into the body-cavities, as, for example, 
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into the pelvis of the kidney or the subdural space. It may be pro- 
duced artificially by the introduction of glass capsules containing blood 
beneath the skin or into the peritoneal cavity in such a way that the 
blood within the capsules may be exposed to the action of the tissue- 
fluids but not of the cells. 

The granules and crystals of hematoidin are found in the tissues 
either free (Fig. 104, B), or enclosed in cells (Fig. 105, 6). In the lat- 
ter case the granules and crystals are usually taken up by phagocytes 
after they have been formed; though occasionally it may happen that 
the hematoidin while in solution is taken up by fixed connective-tissue 
cells, for example, cartilage or fat-cells, and then precipitated in solid 
form. 

Hemosiderin, the derivative of the red blood-cells which contains 
iron in demonstrable quantity microscopically, is usually found in the 
tissues as yellow, orange, and brown granules and lumps which become 
darker in the course of time. They are for the greater part contained 
within cells, and in part are formed within the cells. 

When treated with potassium ferrocyanide and dilute hydrochloric 
acid hemosiderin becomes deep-blue through the formation of Berlin 
blue (ferric oxide salt of hydroferrocyanic acid) (Fig. 105, a). When 
treated with ammonium sulphide there is formed a black sulphide of 
iron. 

Hemosiderin appears to be formed particularly (Neumann) when the 
blood in an extravasate or in a thrombus is subjected to the action of 
cells; and it is consequently seen more frequently in small extravasates 
and at the periphery of larger ones. The formation of hemosiderin may 
take place either within the cells or free in the tissue. The pigment en- 
closed within cells (sideroferous cells) may have been formed from the 





Fic. 105.—Cells containing hemosiderin and hwmatoidin from an old bwemorrhagic focus in the brain. 
(Aleobol, Berlin-blue reaction.) ca, Cells containing bwemeosiderin: b, cells containing biematoidin: c, fat- 
granule cells which bave become clear; d, newly formed connective tissue. X 300, 


remains of disintegrated red blood-cells which have been taken up by 
the cells, or from dissolved hemoglobin whieh has been absorbed by the 
cells. In favor of the latter mode of formation is the diffuse vellow color 
seen in both wandering and fixed cells, which becomes blue when the 
Berlin-blue reaction is applied. Further, when hemoglobin is excreted 
through the kidneys, iron-containing pigment-granules form in the renal 
epithelium; and moreover fixed cells, as cartilage-cells, for example, 
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bladder. Gall-stones occur especially in advanced years; stagnation of 
the bile favors their formation. Inflammations of the mucous membranes 
of the bile-passages (angiocholitis) lead to desquamation and destruction 
of the epithelium (eventually also to escape of leucocytes), and in the 
products derived from these pathological changes bilirubin and choles- 
terin are deposited. When once a concretion is formed it increases in 
size through the deposit of new products of cell-disintegration which be- 
come encrusted with cholesterin, pigment, and calcium. According to 
Naunyn the originally soft nucleus of the concretion undergoes a change, 
in that it separates into firm, granular masses of pigment-caleium and 
crystals of cholesterin which are deposited upon the outer crust, and into 
fluid, so that the stones may at times contain a cavity filled with fluid. 
In the course of time this cavity may again be filled with cholesterin; 
and also the pigment and calcium in the remaining portions of the stone 








Fie, 8, Fra, 100, 


Fig. 8. Corulshaped stone from the bludder, composed of culelum oxalate and phosphate. Natural 
size. 


Fi. 10.- Transverse section of two stones from the bladder, closely Otted together, and consisting of 
sodium urate and amnionium-nagnesiun phosphate, Natural size. 


may be gradually replaced by cholesterin. Further, calcium carbonate 
may also be deposited. 

The cholesterin masses from which the concretions are formed are 
derived chiefly from the disintegration of epithelial cells; likewise, the 
lime-salts combining with bilirubin are also furnished by the mucous 
membrane, 

As Ebstein has shown, the winary calculi, gravel, and stones are also 
composed of an organie ground-substance, an albuminous stroma, in 
which the verious constituents of the urine may become deposited. Ac- 
cording to location we may distinguish calculi of the kidney and those of 
the descending urin: wes, In the kidneys the deposits may form 
H granule ng in the tissue itself, or in part also free in the 
f the urinary tubules, in the latter place lying in the products 
ed from the disintegration of necrotic epithelial cells. This is true 
in the place of the calei which, as mentioned above, occur in 
the necrosed renal epitheliun ter poisoning with corrosive sublimate, 
bismuth, aloin, copper-salts, iodine, phosphorus, potassium chromate, 
and oxalic acid. The same thing is trne of some of the gouty deposits. 
Finally, belongs here the so-called wric-acid infarct of the new-born, a cou- 
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dition characterized by the appearance of yellowish-red stripes in the 
medullary pyramids, The condition is not infrequently seen in children 
dying during the first five weeks after birth. The epithelium of the 
tubules is usually well preserved, but in places desquamation and disin- 
tegration of single cells may be found. The lumina of the tubules are 
filled with very small, colorless or yellow granules of urates or uri« acid, 
which at times show fine radiating lines (Fig. 98, 6). On solution of 
these granules a delicate stroma remains (c). If as the result of the 
presence of the infarct further changes in the epithelium of the tubules 
are produced, leading to the formation of albumi- 
nous material in the tubules, single granules may 
under certain con ns develop through accretion 
into large stones, but this occurrence is rare. 

In the pelvis of the kidney, ureters, urinary 
bladder, urethra, and under the prepuce concre- 
tions may be formed, either as sand, gravel, or 
stones, The last-named are oval or spherical, and 
may be smooth or rough and nodular, not: infre- 
quently resembling a mulberry or mass of coral 
(Figs. 99and 100). Whenseveral stones lie close- 
ly together, their surfaces may become faceted 
(Fig. 100). Those found in the kidney pelvis 
may form casts of the cavity and of the calyce: 

‘When examined in section, urinary caleuli are 
sometimes homogeneous, at other times distinctly 
stratified (Fig. 100) or show radiating lines. Not 
infrequently there may be seen a nucleus and 
several zones of different appearances. The crys- 
talline masses lie partly in the spaces of the 
stroma, and partly in the latter itself; and it may, 
therefore, be assumed that the stroma is a product, 
of the mucosa of the urinary passages, and that 
its formation follows catarrhal inflammations or 
toxie necroses of epithelium when these lead to the 
collection of mucus or cell-detritus in the tubules, 

What substances are deposited in a given case 
in the products of the mucous membrane depends 
upon the existing conditions. When the condi 
tions favoring stone-formation are associated with 
or if the excretion of urie- 
acid salts by causing tissue-necrosis has at the 
same time produced the conditions favoring the 
development of concretions, the deposits in the he ame "uray bladder 
organic ground-substanee will consist chiefly of Reduced ib. 
position of the urine with forma. 
tion of ammonium-magnesium phosphates leads to the production of 
caleuli consisting chiefly of this substance. n ealeuli may be 
formed when eystin is excreted by the kidneys, as the result 
euliar metamorphoses of albumin in the i ine, due to the ac 
bacteria (Baumann, von Udransky, Brieger). When once x 
formed, the irritation which it eauses upon that portion of the mucous, 
membrane with which it come: itact, as well as the decomposition 
of the retained urine, favors its further growth by accretion. — Likewise, 
foreign bodies (Fig. 101), which have in any way entered the bladder 
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the action of H,S on oxyhemoglobin (Hoppe-Seyler, Harnack). In the absence of oxy- 
gen, sulphur-hemoglobin is formed, which possesses a dark-red color (Harnack). 
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Icterus is a hepatogenous disease, inasmuch as the bile-pigments have their 
source in the liver. As the result of disease processes in the biliary 
passages or in the liver itself the normal outflow of the bile is hindered, 
and the bile is then taken up into the lymphatics and blood-vessels of 
the liver. Such a damming back of the bile may be caused, for exam- 
ple, by a narrowing or closure of the large bile-ducts through the forma- 
tion of scar-tissue, through gall-stones wedged in the lumen, or through 
tumors developing in the bile-ducts themselves, or arising outside of the 
ducts and compressing them; or through inflammatory processes, ab- 
scesses, connective-tissue growths, or tumors of the liver which compress 
or pull upon, or completely obliterate the smaller bile-ducts, and in this 
way hinder the outflow of blood from the smaller bile-ducts and capil- 
laries. 

When throngh obstruction of any kind the bile is dammed back into 
the intrahepatic bile-passages, namely, into the bile-capillaries, there 
may occur in the first place a resorption of bile through the lymphatics 
of the liver. As the condition progresses the bile accumulates more and 
more in the intra-acinous bile-capillaries (Fig. 111, a, 5) and in the liver- 
cells themselves (c), so that finally the masses of bile-pigment (g) may 
break through into the blood-capillaries, the point of rupture often being 
demonstrable microscopically. Following this the endothelium of the 
blood-capillaries may also become pigmented (d, d,). 

According to recent investigations regarding the structure of the 
liver, the intracellular bile-capillaries extend into intracellular secretion- 
racuoles (von Kupffer, Pfeiffer) from which are given off extremely fine 
intracellular secretion-canaliculi (Nauwerck, Stroebe, Browicz) surround- 
ing the nucleus as with a meshwork. On the other side the liver-cells 
stand in the closest relationship to the blood-capillaries. Normally, a 
double secretion takes place in the liver, an external one of bile-acids 
and pigment into the bile-passages, and an internal one of sugar and 
urea (Minkowski) into the blood-vessels. Nauwerck is of the opinion 
that this latter secretion is also carried through a network of extremely 
delicate intracellular canaliculi. It is, therefore, easy to understand that 
disturbances of secretion are of not infrequent. occurrence, and that a pas- 
sage of bile into the blood may be caused, not only through a stasis of the 
bile, but also through diseased conditions of the liver-cells due to infeec- 
tions or intorications. Besides the icterus due to stasis of the bile, or stasis- 
parapedesis (Minkowski), there may, therefore, be distinguished an teferus 
due to a tosie or infectious parapedesis of the bile (paracholia, Pick). It is 
probable that. many forms of icterus, which were formerly believed to be 
caused by a catarrhal condition of the bile-passages, are to be interpreted 
as belonging to the second class. 

It is also possible that disturbances of innervation and of the eireula- 
tion of the liver may be sufficient to bring about an escape of bile into 
the intra-acinous lymph-channels or into the blood, so that a nervous 
paracholia may also be distinguished. 

In paracholia of long standing and of a marked severity, as occurs 
particularly in cases of permanent closure of the bile-passages, not only 
do the liver-cells become pigmented, but also the endothelium of the 
blood-vessels (Fig. 111, d, d,). As the result of such pigmentation the 
cells not infrequently become desquamated (e), and lie free in the ves- 
sels. Not rarely degenerative changes, cell-necroses, inflammation and 
proliferation of the connective tissue are also associated with the biliary 
stasis. 
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When an increased destruction of red blood-cells takes place within the 
blood-vessels, hematoidin or bilirubin, in addition to hsemosiderin, is 
formed in different parts of the body (see § 72); but the formation of 
bilirubin outside of the liver is very slight and is not sufficient to cause 
any extensive icteric coloration of the tissue, so that «a purely hematoge- 
nous jaundice does not occur. The liver is the great elaborator of bilirubin, 
and in cases of increased destruction of the blood-cells the liver-function 
is Increased and there is an increased production and excretion of bile- 
pigment. An iclerus due to increased destruction of blood-cells can occur 
only when at the same time there are present. in the liver such changes 
as cause a passage of the bile into the blood. 


The question as to whether there is a hematogenous as well as a hepatogenous 
jaundice has long been an object of discussion, and remains unsettled at the present 
time, in spite of numerous experimental investigations directed toward its solution. 
Since, as a matter of fact, bilirubin may be formed in the most different kinds of tissue 
from extravasated blood, the occurrence of a hematogenous icterus would a priori ap- 
pear very probable. Experimental investigations as to the results of the destruction of 
red cells in the circulating blood, particularly through the action of arsenic, toluylen- 
diamin, and potassium chlorate, have shown that the derivatives of blood-pigment 
which are formed in the tissues and there retained for a long time are essentially iron- 
containing pigments (hemosiderin), while the production of bilirubin is practically con- 
fined to the liver, which for the time being secretes an increased amount of richly pig- 
mented bile. 

According to the investigations of Minkowské and Naunyn, the urine of geese and 
ducks after removal of the liver contains no bile-pigment—a fact which would indicate 
that the transformation of blood-pigment into bile-pigment is ordinarily confined to the 
liver. Theinhalation of arseniureted hydrogen fora few minutes is sufficient to produce 
in geese in a very short time an intense polycholia and hematuria, the urine containing 
hemoglobin in solution, disintegrating red cells and biliverdin. If the liver from such 
goose be removed, the biliverdin quickly disappears from the urine, and no trace of 
e-pigment can be demonstrated in the blood. It is therefore evident that in arsenic 
isoning the formation of the bile-pigment is confined to the liver, in which organ 
eucocytes enclosing iron-containing fragments of broken-down red cells are found to 
be present. 

In so far as it is possible to judge from the experimental investigations which have 
been made up to the present time, a pure hematogenous jaundice does not appear to 
occur, The mere fact of the occurrence of jaundice after intoxications, inhalation of 
ether and chloroform, transfusion of blood, snake-bite, septicemia, ty phoid fever, yel- 
low fever, paroxysmal hemoglobinuria, ete., cannot be taken as proof of the existence 
of a hematogenous jaundice. There is, indeed, in these conditions an increased destruc- 
tion of red blood-cells; but bilirubin is essentially a product of the liver, and if jaundice 
occurs it can be due only to the fact that a portion of the bile-pigment, which is pro- 
duced in excess, has found its way into the blood. It appears that a change in the con- 
sistency of the bile is sufficient (Stadelmann) to cause an absorption of bile-pigment into 
the . 
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§ 74. Pigmentation of the tissues through substances introduced 
into the body from without occurs when substances possessing a color 
of their own gain entrance in some manner to the tissues, where they are 
able to remain for some time without suffering changes. The number of 
such substances is large, and the manner of entrance varied. The most 
common avenues of entrance are the lungs, wounds, and intestinal tract. The 





Fic. 113.—Deposit of cimabar in wattoved skin. (Alcohol, alum care.) dy Epithelium ; b, corium; 
e,einnubar. x &0. 


most: familiar pigmentation through wounds is tattooing of the skin, which 
is frequently practised by individuals of civilized as well as of uncivil- 
ized nations, 

The method of tattooing colored figures, ete., consists in the intro- 
duction of insoluble granular pigments, such as carbon, cinnabar, ete., 
into slight wounds of the skin. The pigments are rubbed into the 
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duced through the action of ‘hydrogen sulphide upon the lead, which is 
present in solution in the mucous membrane. 
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XV. The Pathological Absence of Pigment. 


§ 75. The absence of pigment occurs, in the first place, as a congeni- 
tal condition, and is then termed albinism or leucopathia congenita. 
In a part of such cases the absence of 
pigment extends over the entire body 
(albinismus universalis, Kakerlaken, albi- 
nos); in other cases it is restricted to cer- 
tain portions of the skin (albinismus par- 
tialis). In those parts of the skin which 
are destitute of pigment the hairs likewise 
may contain no pigment, and appear 
white or yellowish-white (poliosis or leu- 
cotrichia congenita universalis, or cireum- 
seripta). In universal albinism the pig- 
ment of the retina, choroid, and iris may 
also be wanting, so that: consequently the 
choroid, from the amount of blood which 
it contains, appears red, and the iris, ac- 
cording to the angle of observation and 
the degree of illumination, will appear 
either bluish-white or red. On micro- 
scopieal examination no pigmented cells 
can be found, 

A second form of absence of pigment 
is that condition which is known as vitil 
igo or leucopathia acquisita. This oc- 
curs later in life, either as a sequela to 
certain well-known diseases (scarlet: fever, 
typhus, recurrent fever), or as a symptom 
of an epidemic disease of unknown eti- 
ology (vitiligo endemiea), or finally with- 
out any recognizable The forma- 
tion of white spots, within which the hairs 
are also white (leucotrichia acquisita cir- 
cumseripla), takes place usually symmet- 
Pia. 115. -Vituigo tera pute. ally, and mn extend over the greater 

graph received from Professor Maneh.) Part of the body (Fig. 115). The white 
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areas are surrounded by a border of more deeply pigmented skin; and 
this suggests that with the disappearance of the pigment at one point the 
pigment is transferred to adjacent parts. The loss of color in the hairs 
(even as in old age) begins always in the root, no more pigment being 
transferred from the hair-papilla to the hair-bulb. Finally the pigment- 
cells of the papilla disappear altogether. 

A third form of loss of pigment is associated with traumatic or infec- 
tious inflammations of the skin, particularly in syphilitic exanthemata 
and in leprosy; this condition is known as leucoderma. 

In scars of the skin which remain white, the newly formed tissue 
replacing the defect does not possess the power of producing pigment; 
and consequently represents a colorless cicatrix covered by epithelium. 
Not infrequently such a scar may be surrounded by a pigmented border. 
In mild forms of inflammation, in which the tissue of the skin suffers no — 
loss (syphilis), the disappearance of color may immediately follow the 
inflammation, or not until later, in which case there may occasionally 
occur a preceding stage of increased pigmentation. According to Ehr- 
mann the lack of pigment in such cases is to be explained either by the 
fact that no chromatophores are present in the corium to furnish pigment 
to the epithelium, or the changed epithelium is not able to take up the 
pigment from the latter when present. The pigment which still remains 
in the cutis may then be absorbed. 


According to Münch, vitiligo is of common occurrence in Turkestan, and is consid- 
ered by the natives (Sarts) to be contagious, so that they isolate the individuals affected 
with this disease and confine them with lepers in enclosed courts. It is probable that 
in the literature vitiligo endemica has been many times mistaken for lepra maculosa, 
and has been described under the designation “ white leprosy of the Jews.” 
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XVI. The Formation of Cysts. 


=: 76. A cyst is acircumscribed cavity which is shut off from the sur- 
rounding tissues by a connective-tissue membrane or by tissue of a more 
complex structure, and possessing contents differing in nature from the 
capsule. Cysts may oceur in any tissue. When composed of but a sin- 
gle chamber, the eyst is called a simple eyst; when divided into a number 
of compartments, it is known as a multiloeular cyst. 

The most common form is the so-called retention-cyst, which arises 
from the accumulation of secretions in preeristing spaces which are lined with 
epithelinin or endothelium. 

In glands provided with an open duct, retention-eysts will be 
formed as the result of the obstructionof the duct, provided that actively- 
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secreting epithelium still exists behind the point of obstruction. Such 
cysts are of frequent occurrence in the sebaceous glands, hair-follicles, 
uterine glands, mucous glands of the in- 
testinal tract, tubules of the epididymis 
(Fig. 116, c), urinary tubules (Fig. 74); 
less frequent in the biliary pas 5 
in the breast, pancreas (Fig. 117, 5), in 
the glands of the mouth, ete. Larger 
open canals, such as the ureters, vermi- 
form appendix, and tubes (Fig. 118, ¢), 
may also undergo cystic dilatation as the 
result of the collection of secretions. 
The obstruction of a given duct may 
be due to accumulation of secretion, to 
the formation of adhesions (Fig. 118, e), 
cicatricial obliteration, compression, ur 
constriction of its lumen. 

Closed glandular cavities and tubes, 
such as the follicles of the thyroid and 
the glandular tubes of the parovarium, 

Fic. 116.—Seetion, of the teticle and may, also become cystic when their walls 
epididymis, with multiple eysts in the he produce an abnormal amount of secre- 
CPC, ulated) es. tion, Likewise, the remains of fetal 

passages and clefts, as, for example, re- 
mains of the branchial clefts, urachus, Müller’s ducts, etc., may also 
become cystic. 

Small eysts, such as those developing in mucous glands, vary in size 
from a millet seed to that of a pea. Larger cysts, such as occur in the 
liver and ovaries, may attain the size of a fist and even larger. 

The contents of cysts depend upon the nature of the tissue in which 
they are formed, Thus the cysts of the sebaceous glands and hair-folli- 
cles (atheroma) contain a pultaceous, white, or grayish-white, more rarely 
brown, m which consists essentially of squamous cells, in part show- 
ing cornification, and also of fat-globules and cholesterin. The cysts oc- 
ewring in mneous glands contain a mucous fluid which is either clear, 
or white and cloudy, as the result of the presence of cellular elements. 

















Fig. 117.—Pancreas cyst, due to dilatation of branches of Wirsung's duct. a, Gland-tissue ; b, cysts; ¢~ 
transverse sevtion of artery ; d, longitudinal section of vein. Natural size. 





Hemorrhage into a cyst from the cyst-wall gives a red or brown color to 
the contents. When great numbers of cells are present in the eyst-con- 
tents, this may become converted into a semi-solid fatty mass, which 
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a cystic stage in the course of their development in the body, and are 
likewise surrounded by a connective-tissue capsule. 
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This change may be present even at birth (ichthyosis congenita) ; and 
the new-born child (Fig. 122) may be wholly covered with hard horny 
plates, which have been split open at different points as the result of the 
growth of the underlying tissues. 
The pathological cornification af- 
fects chiefly the surface (Fig. 121, 
ec), but may extend also into the 
hair-follicles (Fig. 121, d). 

In other cases, at a later period 
of development, as during the first 
years of life, localized thickenings 
of the horny layer may develop, 
consisting of either small scales or 
plates, or larger ones, giving the 
skin a rough and checkered ap- 
pearance. The corium and the 
papille are usually not involved in 
the ichthyosis; but occasionally the 
papillary bodies may be hypertro- 
phic and enlarged, thus increasing 
the rough and nodular appearance 
of the surface (ichthyosis hystrix). 
When the excessive cornification 
is sharply limited to areas of small 
size, there are formed circum- 
seribed warts with rough, epithelial 
covering, which are known as ich- 
thyotic warts. In rare cases there 
may be developed a more exten- 
sive horny layer over the hyper- 
trophic papille, whose scales are 
arranged at right angles to the 
surface of the skin; and these oc- 
casionally may attain to such size 
that they are called cutaneous 
horns (Figs. 123, 124). 

The hypertrophic development of hair over those parts of the body 
where only downy hair, or even no hair at all, should be found is known 
as hypertrichosis. Such an abnormal hairiness may cover a larger or 
smaller area of the body, 
and depends either upon 
a persistence and abnor- 
mal development of the 
lanugo (hypertrichosis 
lanuginosa fwtalis) (Fig. 
125), or upon a patholo- 
gical development of the 
secondary hairs. An ex- 
_Do JR —poms caeneem Fa, 12t—corgucatanm, cessive growth of the nails 
from beck of hand. (Natural fromarı. (Natural size.) leads to the condition 

known as hyperonychia, 
which is often followed by a claw-like deformity of the same desig- 
hated onychogryphosis. It is to be noted, however, that the patholog- 
ical over-growths of the nails are usually acquired. 





Fig, 122.—Ichthyosis congenita. 
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itself in a premature development of certain organs, the structure remaining 
normal. The external and internal sexual organs are most frequently 
affected. Girls, even in the first years of life, may show a development 
of breasts and external genitals and a growth of hair corresponding to 
that of the sexually ripe woman; and menstruation may be established 
at this early period. 


The size of the entire body as well as of its separate parts and organs shows con- 
siderable variation within physiological limits, according to the race, family, and indi- 
vidual. The variation in the relation of the size of single parts and organs to that of 
the entire body is less marked. " 

The average height of the body in well-built individuals is, according to Vierordt 
(“ Daten u. Tabellen für Med. ,” Jena, 1898), as follows: Men 172 cm., women 160 cm. ; 
of the new-born, males 47.4 cm., females 46.75 cm. The average body-weight in 
Europe is for men about 65 kgm., that of women about 55 kgm., that of the new-born 
about 3,250 gm. 

The average weight of the internal organs is as follows, the figures in parentheses 
being for the new-born: Brain 1,897 (385) gm., heart 804 (24) gm., lungs 1,172 (58) gm., 
liver 1,612 (118) gm., spleen 201 (11.1) gm., right kidney 131, left kidney 150 gm., both 
kidneys 299 (23.6) gm., testicles 48 (0.8) gm., muscles 29,880 (625) gm., skeleton 11,560 
(445) gm. Expressed in percentages of the body-weight the figures for adults and new- 
born are (the fatter in parentheses): Heart 0.52 (0.89), kidneys 0.48 (0.88), lungs 2.01 
(2.16), stomach and intestines 2.84 (2.53), spleen 0.346 (0.41), liver 2.77 (4.80), brain 2.37 
Cea. adrenals 0.014 (0.31), thymus 0.0086 (0.54), skeleton 15.35 (16.17), muscles 43.09 

4). 
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a cystic stage in the course of their development in the body, and are 
likewise surrounded by a connective-tissue capsule. 
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CHAPTER VI. 


Hypertrophy and Regeneration. Results of Tissue- 
Transplantation. Metaplasia. 


1. General Considerations Concerning the Processes Known as 


Hypertrophy and Regeneration, and the Accompanying Cellular 
Changes. 


§ 77. In a general sense, hypertrophy is an inerease in the size of a 
tissue or organ, due either to an increase in the size or in the number of the in- 
dividual elements, in such a way that the structure of the hypertrophic 
tissue is like that of the nor- 
mal, or at least does not differ 
essentially from it. 

In a more limited sense hy- 


uences acting 
life of the individual. 
If an abnormal tissue-in- 


their growth, the condition 
may be SH as the result 
of ital predisposition, 





due to a con- Fic. 119.—Elephantiasts femorum neuromatosa. 

adr pa If the en- 
affects the entire body, for example, if a newly born child 
weighs 5-6 , or if an individual should reach the height of 180-200 
em., the is called a general giant growth. When the en- 
affects: individual parts of the body, as, for example, the 
head or one-half of aor th or one extremity, or a finger, or the vulva, 
it is called a partial giant growth. The giant growth of several parts 
of one side of the body is en a half giant growth ; one involving 


Ma 
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itself in a premature development of certain organs, the structure remaining 
normal. The external and internal sexual organs are most frequently 
affected. Girls, even in the first years of life, may show a development 
of breasts and external genitals and a growth of hair corresponding to 
that of the sexually ripe woman; and menstruation may be established 
at this early period. 


The size of the entire body as well as of its separate parts and organs shows con- 
siderable variation within physiological limits, according to the race, family, and indi- 
vidual. The variation in the relation of the size of single parts and organs to that of 
the entire body is less marked. 

The average height of the body in well-built individuals is, according to Vierordt 
(“ Daten u. Tabellen für Med.,” Jena, 1898), as follows: Men 172 cm., women 160 cm. ; 
of the new-born, males 47.4 cm., females 46.75 cm. The average body-weight in 
Europe is for men about 65 kym., that of women about 55 kgm., that of the new-born 
about 3,250 gm. 

The average weight of the internal organs is as follows, the figures in parentheses 
being for the new-born: Brain 1.897 (385) gm., heart 804 (24) gm., lungs 1,172 (58) gm., 
liver 1,612 (118) gm., spleen 201 (11.1) gm., right kidney 131, left kidney 150 gm., both 
kidneys 299 (23.6) gm., testicles 48 (0.8) gm., muscles 29,880 (625) gm., skeleton 11,560 
(445) gm. Expressed in percentages of the body-weight the figures for adults and new- 
born are (the latter in parentheses): Heart 0.52 (0.89), kidneys 0.48 (0.88), lungs 2.01 
(2.16), stomach and intestines 2.84 (3.53), spleen 0.846 (0.41), liver 2.77 (4.80), brain 2.37 
a adrenals 0.014 (0.31), thymus 0.0086 (0.54), skeleton 15.85 (16.17), muscles 43.09 
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a paw-shaped deformity of the hands and a gigantesque appearance of 
the feet, while Marie, who first described these conditions, attempts to 
draw a sharp line between acromegaly and ostéoarthropathie hypertro- 
phiante. He holds that in acromegaly the hands and feet are not de- 
formed, but are symmetrically enlarged, the thickening and broadening 
diminishing toward the tips of the extremities, so that the terminal 
phalanges of the fingers and toes are but slightly thickened, while, on the 
other hand, in ostéoarthropathie hypertrophiante the terminal phalanges 
are enlarged so as to resemble drumsticks, and the articular ends of the 
bones are irregularly thickened. In the first affection the lower jaw is 
lengthened, in the latter it is thickened. Marie believes that in many 
cases ostéoarthropathie hypertrophiante is a sequela of inflammatory 
affections of the lungs and pleure, and designates the condition accord- 
ingly as ost¢oarthropathie hypertrophiante pneumique, and holds that 
the connection between these processes is to be found in the taking up 
into the body-fluids of poisonous products from the inflammatory foci in 
the lungs, so that the affection of the bones is to be regarded as an infec- 
tious toxic hypertrophic inflammation. 

By other authors the causes of acromegaly and ostéoarthropathie hy- 
pertrophiante are to be sought in a congenital predisposition (Virchow), 
in disturbances of the sexual function (Freund), in a hypertrophy of the 
hypophysis (Henrot, Klebs), in persistence of the thymus (Erb, Klebs), or 
in nervous influences (von Recklinghausen); but none of these hy pothe- 
ses is adequately supported by anatomical and clinical observations. 
From the investigations made up to the present time it follows rather 
that these conditions do not represent an excessive growth similar in 
nature to a partial giant growth, but are acquired diseased conditions, 
which develop either as independent diseases (acromegaly, pachyakria), 
or as secondary phenomena in the course of other diseases (ostéoarthro- 
pathie hypertrophiante pneumique). 

The cause of the hypertrophic condition of the thyroid gland, occur- 
ring so frequently in many regions, is wholly unknown. 
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$79. Regeneration is that process through which tissues which have been 
destroyed are restored, Under especial conditions this restoration may be 
brought about by an enlargement of existing parts of eells (regeneration 
of axis-eylinders), but it is usually the result of new-formation of cells, which 
arise in all cases through the division of preéxvisting cells. 

Regeneration presupposes that the injured tissue is capable of pro- 
liferation, and is, moreover, a phenomenon which is in all cases depend- 
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its tentacles and anterior extremity, crabs and crayfish their claws and legs. Saluman- 
ders are able to restore their legs, eyes, and tails, and lizards and slow-worms their 
tails, when these are broken off. In the case of frogs, snakes, and fishes, on the other 
hand, the power of regeneration diminishes as the scale of animal life is ascended. yet 
this does not happen equally in the case of all animals, and animals closely related to 
each other may show very different capacities for regeneration. Further, in the same 
animal the regenerative power is not the same in all organs; for example, in tritons the 
regenerative capacity of the internal organs is slight. Moreover, the power to forma 
new portion of the body, asa tail or extremity, for example, does not prove that all 
the tissues of the portion of the body in question possess an especial capacity for pro- 
liferation. In crayfish and crabs the regeneration of the claws and legs takes place only 
from certain places; in injuries occurring to other points, the new extremity is thrown 
off only at that place, where a new-formation is possible. In tritons, fractures of the 
bones heal very slowly, although they are able to reproduce their extremities. 

Several years ago Graiitz advanced the view (“ Ueber die schlummerden Zellen des 
Bindegewebes und ihr Verhalten bei progressiven Ernährungstörungen,” Virch. Arch., 
127 Bd., 1892; “ Atlas der pathologischen Gewebelehre,” 1893) that cells may also arine 
rom intercellular substance. He holds that, in the formation of connective tissue, cells 
are transformed into fibres and pass over into a non-nucleated resting-stage, in which 
condition they are invisible under the microscope. From these invisible slumbering-cells 
(Schlummerzellen) new cells may arise in inflammation and tissue-proliferation. In this 
theory of slumbering-cells, Grawitz has brought forward as a new teaching, views 
which were held years ago by Stricker and Hettzmann, and which had been regarded 
as buried; but the work done by him and his pupils in his institute contains nothing to 
substantiate this view. The well-known phenomena of proliferating and inflamed tis- 
sues have been described, but no observations have been published which can be re- 
garded as proving that cells may arise from intercellular substance—that is, from invisi- 
ble slumbering-cells. 


§ 80. The cause of the cell-proliferation underlying all hyperplastic 
and regenerative new-formations of tissue varies according to the condi- 
tions under which the proliferation occurs. If the new tissue-growth 
leading to hypertrophy takes its origin from the anlage of the organism 
coucerned or of a portion of the same, no new stimulus is necessary for 
its appearance; the attainment of the abnormal size is dependent only 
upon the condition that the new-formation of tissue does not lead to 
hindrances to growth before the full limit of development is reached. 
When the proliferation appears first at a later period, something addi- 
tional is necessary to cause an increase of the normal tissue-formation or 
to start again into activity the cell-proliferation which becomes quiescent 
at the close of the period of growth. 

In the case of both hyperplastic and regenerative proliferation the 
stimulus” may consist simply in the removal of hindrances to growth. 
Experience teaches that the majority of the cells of the body possess the 
power Ina given case to divide, even those (connective-tissue cells, gland- 
cells, musele-cells) in which the processes of cell-division wholly cease 
for long periods of time. This cessation of proliferation may be ex- 
plained by the assumption that the firm combination of the cells with 
each other and the formation of the intercellular cement inhibit further 
multiplication, It is also possible that chemical and unknown vital 
influenees act in the same manner. Injuries and degenerations of the 
tissues of the most varied kinds ean, through the loosening of the cells, 
and through physieal and chemical changes in the intercellular cement 
substance and of the tissue-fluids, cause such changes that all hindrances 
to the growth and division of eells are removed. 

In addition to the removal of hindrances to growth there may be 
present at the same time a formative stimulus, which increases both 
the reproductive capacity and the tendency toward reproduction. 
Further, such a stimulus may act independently—that is, without the 
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removal of the influences inhibiting growth—and this event is to be 
assumed in those cases in which after the loss of a portion of an organ 
the remaining portion (liver, kidney) undergoes a compensatory hyper- 
trophy. 

The stimuli which are able to excite growth and cell-division are 
known only in part. In those cases in which their action may be recog- 
nized they appear to be identical with the stimuli which excite or increase 
Junctional and nutritive activity. In the case of the muscles hypertrophy 
is brought about by increased contraction following nervous excitation. 
Liver and kidney tissue undergo proliferation when, as the result of a 
loss of a large area of gland-tissue, the remaining portions are obliged to 
do an increased amount of work—that is, they must out of the circulating 
blood produce and secrete those substances which, if life is to be pre- 
served, must be given off either externally or within the body. 

Whether there exist still other formative stimuli cannot be said with 
certainty at the present time. An increased supply of nutrition, which has 
been believed by many to act as a formative stimulus, is not in itself 
sufficient to excite a new-formation of cells and tissue; it gives rise only 
to an increased deposit of fat. The cells of the body are not fed, they 
feed themselves; and an increase of nutrition depends upon the activity 
of the cells. An increase of the temperature of the tissues may hasten the 
process of cell-division and thereby further tissue-proliferation ; but it is 
doubtful if it can directly excite proliferation in a resting-tissue. The 
local action of heat, which has been observed to be followed by prolifer- 
ation (for example, in the skin), produces in the first place changes of a 
degenerative nature, so that the occurrence of proliferation may be also | 
explained as due to the removal of intluences inhibiting growth. 

Whether there are chemically active substances capable of exciting pro- 
liferation, besides those present normally in the body, cannot be decided 
at the present time. The fact that slight irritation of the skin (painting 
with iodine) can cause proliferation without preceding degenerative 
changes makes this appear probable. But it is more probable that, in 
spite of the negative findings, slight tissue-changes of a degenerative 
nature do occur, and that through these the inhibitory influences are’ 
weakened. 

Moreover, it must be noted that even the hypertrophy of muscles and 
glands following increased activity cannot be absolutely regarded as the 
direct result of a nervous or chemical stimulus, but rather must we 
assume that with the increased labor there is an excessive consumption of 
cell-elements which excites regenerative processes, the latter leading not only 
to a restoration of the parts lost, but also to an increased building-up of 
the cell-mass and formation of new cells. 
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the neighborhood of the polar corpuscles themselves the granules of the 
protoplasm present a radial arrangement, giving rise to figures (Fig. 
142) which are known as ray-figures, stars, or attraction-spheres. In the 
following stage of division of the nucleus, which has been designated 
metakinesis, a movement takes place among the chromosomes leading to 
the formation of unequal-sided loops, whose angles are directed toward 
the pole. Later the loops, following the direction of the spindle-fibres, 
move toward the poles and form two stars (Figs. 142, 143) which are 
known as daughter-sars. From the star-figures the daughter-star passes 
successively through the thick-skein and then the fine-skein stage (Fig. 
144, upper part) which finally changes into the nuclear framework (Fig. 
144, lower part). During the later stages of the process of division a 
new nuclear membrane is formed. 

The division of the cell-protoplasm usually takes place at the time 
the daughter-star changes into the ordinary nuclear condition, and con- 
sists in a constriction and separation of the protoplasm (Fig. 144). The 
radiating figures (Fig. 142) about the centrosomes are to be regarded as 
evidences of movements within the protoplasm. It is probable that a 
complicated interrelationship exists between the nucleus and cell-proto- 
plasm; but the nucleus is to be regarded as the more highly organized sub- 
stance, as the centre of cellular potentiality. The nuclei are also the bearers 
of heredity, while the protoplasm governs the relations of the cell with 
the outer world. 

Variations from the typical karyokinesis may consist in the first 
place in the occurrence of a pluripolar division in place of the bipolar, so 
that two to six or more nuclear spindles and a correspondingly increased 
number of equatorial plates (Fig. 145, a) may be formed. Further, in 
place of the simple mother-star there may be formed a complicated figure 
out of the chromatin loops, from which 
several daughter-stars may be evolved. 
Not infrequently there occur asymmetrical 
divisions of the nucleus (Fig. 145, 6, c), par- 
ticularly in tumors, but occasionally also 
in regenerative or inflammatory new-for- 
mations of tissue. 

There also not infrequently occur 
divisions of the nucleus which are char- 
acterized by abnormal size, abnormal rich- 
ness in chromatin, and manifold 
of form. As types of such di 
the large oval or bean-shaped (Fig. 146), Fig. 145.—a, Pluripolar division-figure ; 
knobbed or convoluted, lobulated and Le, asymmetrical division-tgures. 
branched (Fig. 147), wreath-shaped, 
linked, basket-shaped (Fig. 148), and otherwise-shaped nuclei. Finally, 
there are occasionally found in the cells more or less extensive, indis- 
tinctly-outlined heaps of granular and lumpy chromatin (Fig. 149). 

Such nuclear forms, with the exception of the polynuclear leucocytes, 
are found particularly in the cells of the bone-marrow, spleen, and 
Iymph-glands, and also in tumors which arise from the bone-marrow or 
periosteum, but have been also observed elsewhere, particularly in sar- 
comata. Certain of these forms are appearances due to contraction, and 
have nothing to do with cell-division. In other cases these changes of 
size and form precede a division of the nucleus through constriction of 
certain portions, this process occurring sometimes with, sometimes with- 
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cellular protoplasm to a firm body, the enclosure by the cell-protoplasm 
of large foreign bodies (also fat-drops), and also the partial degener- 
ation of the protoplasm caused by bacteria, may be the factors hindering 
the division of the cell. 

Occasionally the protoplasm of the cell, during division, forms also 
buds or offshoots, and this phenomenon may occur either before or 
after the division of the nucleus. Into the buds or offshoots nuclei may 
later migrate (see new-formation of blood-vessels). 


According to Rabi, whose studies were carried out on the large nucleated cells of 
cold-blooded animals, the closely wound mother-skein consists of several pieces, all of 
which are bent back to one end of the nucleus (called the polar field) ( ig. 151, a), 
leaving the pole itself free, while at the opposite end (the opposite polar field) (b) the: 
extend across the pole. The transition from the close to the open skein (Fig. 152) is 
brought about by the threads becoming thicker and shorter, at the same time these 
divide 80 that the number of loops becomes increased. 

The stage of the segmented skein (Fig. 158), which follows next, is characterized 
especially by the longitudinal fission of the separate loope, whereby the chromatin-sub- 
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ry 
Fig. 151. 


Fig. 154. n Fic. 156, 


Fig. 151.—Close sketn ; lateral aspect. —Upen skein ; lateral aspect. 
Fig. 153.—Final stage of the skein, with splitting of the threads. 

Fig. 154.—Motber-star. Fig. 155.—Metakinests, 

Fig. 156.—Daughter-stars, 


stance becomes divided into two equal parts, The further course of the karyokinesis 
is essentially directed toward the uniting of each half of chromatin threads into a new 


group. 

During the stage of the coarse open skein there has already begun to develop in the 
neighborhood of the polar field a spindle-shaped figure (Fig. 152, ¢), consisting of deli- 
cate threads which terminate in small shining’ bodies, the centrosomes, Later, this 
spindle wanders into the nuclear substance (Fig. 153), and exerts a directing influence 
upon the chromatin threads. In the plane of its cquator the division of the nucleus 
later takes place. 

In order to initiate the process of division the loops of threads group themselves 
about the equator of the spindle in such a way that their angles point toward the centre 
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of the spindle, thus completing the mother-star (Fig. 154). At the same time the 
nuclear membrane disappears while from the poles of the spindle radially-arranged 
1 











fibrils (Fig 150) stream out into the cell-protoplusm (eytaaler, attraction-sphere). 
Metakineais is characterized by a separation of the daughter-threads arising from 
the longitudinal fission, which up to this time have remained parallel with each other; 






and it is completed sometimes by the threads of each pair (Fig. 155) moving toward 
the opposite poles. The new loops arising in this way have their angles directed tow- 
ard the poles. 

The danghter-stura (Fig. 156) are formed by the chromatin loops that have moved 
toward the poles of the spindle. 

The duughter-akeins (dispirem of Flemming) arising from the daughter-stars consist 
of loops of fibrils which are bent back at the point where the poles of the spindle are 
situated (Fig. 157, a) and leave one polar field (¢, d) free from loops. 

The transition from the skein into the framework of the resting-nucleus (Fig. 157, 
2) follows (abl) the division of the cell-protoplasm, and is initiated by the chromatic 
fibres sending out processes. According to Flemming, Strassburger, and Retzius, the 
chromatin threads unite directly with one another. 

‘The significance of the nuclear corpuscles (nucleoli) is still a matter of dispute. 
Flenming and Pfitzner believe that they are different from the nuclear framework, 
‘while others regard them as much-thickened nodal points of the fibrils of the frame- 
work, In what way they are again formed after the division of the nucleus is not 

nown. 

The muclear framework forms at its periphery a thick, basket-like layer, on the 
outer side of which lies another membrane, which does not etain. 

‘The spindle-figure, whose fibres stain but slightly with nuclear stains, is derived, 
according to Flemming and Hertwig, from the above-mentioned achromatic substance 

of the nuclear framework, while Strassburger believes 
that it ariscs from the cell-protoplasm. 

‘The centrommes or polar corpuscles, which are always 
present in nuclear segmentation, are found also in rest- 
ing-nuclei; but up to the present time they have been 
demonstrated only in a part of the cells, most frequently 
in lymphocytes and the giant-cells of the bone-marrow. 
At the same time the investigations of ton Kalliker, 
Flemming, M. Heidenhain, and others make it probable 
that the centrosomes are present in all cells, lying some- 
times in the nucleus, sometimes in the protoplasm, where 
on account of their small size they can be demonstrated 
only with difficulty, (The centrosomes do not stain with 
the ordinary nuclear stains, but with acid aniline dyes, as 
acid fuchsin and safranin.) Whether they are elements 
of the protoplasm or of the nucleus has not yet been de- 
cided, "According to can Beneden, Boreri, and Rabl, the 
mitosis of the nuclear substance is to be referred to a 
—Daughterskein (a), direct drawing-apart, starting from the divided centro- 
r luttire.wwork (i); ¢ somes and brought about by the agency of the achro 
Polar aren with the remuins of the matic fibres, According to Mf. Heidenhain, the central 
eiaeiel ai corpuscles are sharply circumscribed granules which 

possess the power of assimilation, of growth and of 
multiplication by budding, whereby they are accustomed to form groups, Either alone 
or united in groups, they can form the central point of insertion of a system of con- 
tactile fibres (spindle-figures, microsome rays), and consist of a specific substance (in 
a chemical sense) which is not present elsewhere in the cell. 
Flemming designates the cell as a circumscribed mass of living matter, and dıstin- 
in the cell-body two different elements, one of which, the protoplasm (filarmass, 
amework) is somewhat more highly refractive and is arranged in the form of 
hile the other, the paraplaxm (interfilar mass, paramitome) fills in the remain- 
ing space. The products of metabolism, granules, vacuoles, and other inclusions, 
ich the cells at times contain do not belong to the cell-substance. Arnold advances 
that many threads contain granules (microsomes, plaamosomes) or break up into 
rows of granules which are united by connecting links. The plasmosomes may also 
become changed into granules (see § 66). 
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Il. The Processes of Hyperplasia and Regeneration in the Various 
Tissues. 


§ 82. The morphological changes in the regeneration and hyperplasia 
of epithelium are relatively simple. The karyomitoses (Fig. 158, a—d) 
show for the chief part a typical course. The division of the protoplasm 
takes place either in the later stages of the process of nuclear division 
or follows after the same. Occasionally processes are first formed from 
the proliferating epithelial cells, and into these nuclei later wander. 
Through separation from the mother-cell these processes may become 
independent cells. 
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extend to a relatively great distance from the wound. Experimental 
wounds of the liver heal through the formation of connective tissue, into 
which only offshoots of the bile-ducts penetrate, while a local reproduc- 
tion of liver-tissue does not take place. Likewise, in the kidneys, testi- 
cles, thyroid, and ovary the local production of glandular tissue in the 
connective-tissue scar is very slight or wholly wanting, and does not 
lead to the formation of functionating tissue. In the salivary and mu- 
cous glands, on the other hand, there occurs a branching of the gland- 
ducts, and a new-formation of glandular alveoli. 

When portions of the mucosa, and submucosa of the intestine are lost 
as a result of ulcerative processes, there occurs during the process of 
healing a glandular proliferation, which, according to the nature of the 
defect, forms partly typical, partly atypical (Fig. 133, ¢) glands which 
grow into the submucosa. The new gland-formation takes its start from 
the old glands, whose epithelium pushes over the edge and base of the 
ulcer (Fig. 133, g, h) and also lines any depressions which may happen 
to be present (k). In asimilar manner ulcerative defects of the stomach 
mucosa are again made good; and even extensive ulcers may become 
covered over with a gland-containing mucosa, although the glands do 
not for the most part show a typical development—that is, are not trans- 
formed into characteristic gastric glands. 

The epithelial portions of the uterine mucosa which are in part lost, 
as a physiological process, during menstruation and parturition, and are 
afterward replaced, may be restored in a similar manner in the healing 
of pathological defects of the endometrium. The new-formation of epi- 
thelium takes its origin from the glandular remains. 

Compensatory hypertrophy of a kidney or liver, as the result of the 
loss of kidney- or liver-tissue, is brought about through the formation of 
new gland-cells, and the enlargement of existing renal tubules, or liver-rods 
respectively. After extirpation of one kidney the beginnings of compen- 
satory hypertrophy are recognizable even on the third day, by the ap- 
pearance of division figures in the epithelium of the urinary tubules; 
and there then follows a further proliferation, continuing for some time, 
of the epithelium of the uriniferous tubules and glomeruli as well as of 
the cells of the vessel-walls, as a result of which all the parts become 
enlarged. In the liver the lobules are enlarged, but no new-formation 
of these occurs. 
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§ 83. The new-formation of blood-vessels plays a very important 
röle in hyperplasia of the most varied tissues. If connective tissue, 
bone, or glandular tissue is to be reproduced in any considerable 
amount, the new-formation of blood-vessels is essential, since it is only 
through these that sufficient nutrition can be brought to the growing 
tissue. 

The development of new blood-vessels takes place through the forma- 
tion of offshoots from the sides of the walls of preexisting vessels (Fig. 
160). In the vessel-wall there occurs a proliferation of cells, particu- 
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larly of the endothelium (Fig. 161), in which the division of the 
nucleus occurs by Karyomitosis, 

As the first step in the formation of a new vessel, there is seen on the 
outer side of some capillary loop a tent-like elevation which terminates 
in a fine protoplasmic thread (Fig. 160, a), standing out from the vessel, 
and gradually becoming longer and longer, while the granular mass like- 


Fic. 160.—Development of blood-vessels by formation of offshoots; from Trey others ‘Pecoming taken from in- in- 
flammatory granulations. a,b, c, d, Different forms of offshoots, some solid 

low (a,b, d), some simple (a, a). some branching (b, c). some without motel oe d), some with paige Seco 
(b,c); d, offshoot to which fibroblasts have appli themselves. 





wise grows out at the same time. There is thus formed at the beginning 
a solid granular arch of protoplasm, which ends in a protoplasmic thread (a), 
and after a certain time comes to contain nuclei. This thread may 
penetrate into another vessel, or may unite with some other arch which 
it meets, or finally may return to the same vessel from which it started. 

Further, from the solid arch itself new secondary arches may spring 
(Fig. 160, D, c), or at its end there may be formed a club-shaped swell- 
ing (¢). 

The originally solid arch becomes hollow after a certain time (8, @) 
through the liquefaction of its central part, and the space thus formed — 
either immediately or very soon comes to communicate with the lumen — 
of the blood-vessel (a), or else there is developed from within the vessel .. 
an extension of the vessel-lumenintothe arch. The blood of the mother- 
vessel finds its way at once into the cavity of the daughter-vessel and_ 
widens it. As the hollowing-out process constantly advances and ex- 
tends to the point of entrance of the protoplasmic arch into another” 
blood-vessel, there is finally formed a new capillary loop permeable for” 
blood. 

Immediately after the opening of a way for the blood the capillary 
tube possesses a homogeneous wall. After a certain length of time the 
protoplasm groups itself about the nuclei, which have in the mean time 
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divided and multiplied in the wall, so that ultimately the capillary 
comes to be made up of flattened endothelial cells. As Arnold has 
shown, the boundaries of the individual flattened endothelial cells may 
be made visible through the injection of a solution of silver into the ves- 
sel. At this time the wall for the greater part appears much thickened, 
partly from the proliferation of the cells of the vessel-wall, but also 
partly from the fact that formative cells from the neighborhood heap 
themselves apon the surface of the young vessel (Fig. 160, d), adapt 
themselves to the wall, and so strengthen it. 

At the time of the formation of the offshoots, the endothelial cells of 
the capillaries are swollen, so that they form cells rich in protoplasm, 
which often in proliferating tissues reach such a size that the cross-sec- 
tion of a capillary looks not unlike a gland-tube lined with epithelium 
(Fig. 162, d). At the same time division-figures appear in the endo- 
thelium (Fig. 161, a-c), and later the division of the nucleus and cell- 
protoplasm takes place. 

Just in what relation this proliferation stands to the formation of the 
offshoots is not yet clearly understood; but doubtless the latter spring 
from proliferating cells and represent cell-proc- 
esses of the same. The proliferation of endothe- 
lium, on the other hand, does not always lead to 
a new-formation of vessels, but may result only 
in a thickening of the vessel-wall and finally in 
an obliteration of the lumen. 

In the transformation of newly formed capil- 
laries into arteries and veins—a change which 
must always occur in the case of extensive new- 
growths—the increase of tissue is the result of the 
continued proliferation of the cells of the vessel- 
wall. The individual elements of the arteries 
and veins are then developed from this formative 
material through especial processes of differentia- 
tion. 

Three varieties of new-formation of blood-vessela are de- 
scribed by different authors—the primary, secondary, and proliferation (six days after 


tertiary, the last of which is described above. painting the back of the foot 


In the primary form the cells of the germ-tissue are With tincture of todine) (Flem- 
directly transformed into red blood-cells and the elements of Mngesolution, safranto, and 
the blood-veasel walls, in such a manner, that the germ-cells chromatin framework ; b, Dy. 
unite to form strands whose axial portion becomes changed $Keinforme:, ¢. mother-star 
to red blood-cells, while the peripheral parts become the nüclear division-tgure;"¢, 
vessel-wall. Such a fonn of vemel-development,, which pononuclear leucocytes. x 


occurs in the area germinativa, does not take place patholo- 
i. 





lly. 

In the secondary form, according to Billroth, O. Weber, Rindfleisch, and Cornil (l.c., 
€ 82), spindle-cells unite to form cords in such a way that a canal is formed between 
them. Whether such a mode of vessel-formation actually occurs, appears doubtful. 

It is probable that these observations are based upon errors duc to the fact that 
apindle-cells very early arrange themselves upon the vessel-buds, cover them up, and 
form cords of cells about them. 
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§ 84. The connective-tissue structures are almost all capable of 
both hyperplastic and regenerative proliferation. This is especially true 
of unformed and formed connective tissue, the periosteum and the bone- 
marrow; while cartilage possesses but a slight regenerative capacity, 
and fully developed bone none at all. Usually proliferating fibrous con- 
nective tissue gives rise to fibrous tissue, both in the case of independ- 
ent formations of connective tissue and in the supporting tissue of the 
glands, lungs, lymph-glands, and brain. The periosteum, bone-marrow, 
perichondrium and cartilage 
produce in addition to fibrous 
connective tissue and marrow- 
tissue also cartilage and bone. 

Hyperplastic and regener- 
ative proliferations of the con- 
nective tissues are ushered in by 
cell-division in the course of which 
the karyomitoses, described 
above (Figs. 158, f; 161, d; 
162, b, ¢), occur. 

After injuries of the tissue 














SI 
FiG. 162,—Proliferating periosteum, four days after 
fracture of a bone (Fleinming’s solution, heemaloxylin). 
a, Pale formative cells with large nuclet; b, osteoblast 
with division-figure ; ¢, two cells shortly. after division, 
showing thread-skein tn nucleus I-vessel 
proliferating endothelium ndothetal cell with 
nuclear diviston-figure deeply staining for- 
mative cells; y, leucocytes, X 330, 








these proliferations begin very 
soon, as, for example, in wounds 
of the skin, or in fractures of 
the bones; in the latter case 
even as early as the second day 
single cells of the periosteum 


have become enlarged and show 
division-figures. Besides mitoses, direct division of the nuclei also takes 
place. 

When only a few cells are destroyed in the event of an injury to the 
tissue newly formed cells replace those destroyed without the occurrence 
of any marked structural changes in the tissues. If, on the other hand, 
under pathological conditions, a considerable amount of new tissue is 
produced within a short time, the proliferating cells form an embryonic 
tissue consisting essentially of cells and blood-vessels (Fig. 162). The 
extent of such formation naturally varies greatly and is dependent. 
partly upon the capacity of the tissue for proliferation, and partly upon 
the lesion leading to the proliferation. Thus, for example, the perios- 
teum, proliferating after the fracture of a bone, forms a continuous 
layer of proliferating embryonie tissue (Fig. 162), while proliferating 
tilage, on the other hand, produces only small foci of embryonic tis- 
sue consisting of a limited number of cells. 

Proliferating cells are always larger than the cells of fully developed 
and resting connective tissue which are relatively poor in protoplasm. 
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undergo full development into bone and do not become calcified, are 
called osteoid trabecule. The embryonic tissue (b) lying between be- 
comes changed into marrow-tissue by the cells becoming united to each 
other through processes, while between them there appears a fluid base- 
ment-substance, in which round-cells later appear embedded. If only a 
little bone-tissue is to be formed and deposited upon old bony trabeculz, 
the osteoblasts (Fig. 169, c) arrange themselves upon the surface of the 
latter, and these later on produce bone 
(6) in the manner described above. 

Mucous tissue arises from embryonic 
tissue through the formation of a mucin- 
containing, homogeneous, gelatinous base- 
ment-substance between the cells which at 
least in part become united through proc- 
esses to form a network. 

So = Lymphadenoid tissue can develop 
a ER or Sons eum from embryonie tissue through the for- 
face of old bone (Müller's Nuld, pierie acid, mation of a supporting reticulum from a 
new formed ones rösteebiaie >80.  PAT6Of the cells, while lymphocytes gather 

in the meshes of this network, the spaces 
of which contain lymph. In injured lymph-glands, the cells of the retic- 
ulum proliferate and form ordinary fibrous tissue; a reticular develop- 
ment of this connective tissue into lymphadenoid connective tissue either 
does not take place at all or but to a very slight degree. 

Spleen-tissue is not formed anew after injury to this organ; the 
wound heals through ordinary cicatrization. Compensatory hypertrophy 
does not take place after the removal of large portions of the organ. 

Fat-tissue arises through the taking up of fat into the cells of em- 
bryonic tissue, mucous tissue or fibrous connective tissue, the cells be- 
coming changed into fat-cells through the confluence of the fat-droplets 
which they take up. 

The basement-substance of the tissues described above is a product 
of the protoplasm of the formative cells. Whether in its formation 
portions of the cell-protoplasm are directly changed into basement-sub- 
stance, or whether they secrete the latter, or separate it from the inter- 
cellular fluid, is often a difficult question to answer; but it is probable 
that only the first two methods of formation occur. In suitable speci- 
mens it may often be seen that the jibrille, both of the connective tissue 
and of oste tissue, as well as of newly-formed cartilage tissue are con- 
nected with cells—that is, they represent simple or branched processes of 
the same, or they may even enter into the granular protoplasmic sub- 
stance (Fig. 163, d), thus forming an integral part of the cell-body. In 
other cases such a connection cannot be demonstrated. 

With the further differentiation of the fibrillar basement-substance, 
the fibrille, to a great extent, become separated from the protoplasm. 




















Fibriltur connectie save can develop from any of the conneetive tissue possessing 
the power of proliferation, but there must first be formed an intermediate stage of em- 
bryonic tiss 

Bone urises chiefly from the periosteum, perichondrium, and bone-marrow ; but 
may also develop from other connective-tissue substances, as, for example, from the 
intermuscular connective tissue. 

Cartilage arises chiefly from proliferating perichondrium, periosteum, bone-mar- 
row, and cartilage itself; but may also be developed from other connective tissues, as, 
for example, in connective tissue of the testicle and parotid. The cartilage cells near 8 
lesion may under certain circumstances proliferate and form a large-celled embryonic 





NEW-FORMATION OF CONNECTIVE TISSUE. 291 


tissue, but this does not reach any great size. In the proliferation of cartilage-cells 
within cartilage the cell-multiplication and new-formation of cartilage occur in the same 
way as in the physiological proliferation of this tissue. Very often the newly-formed 
cartilage is only a transitory tissue, and is soon transformed again into bone and mar- 
row-tissue, or into connective tissue. 

ew iymphadenoid tissue may, under pathological conditions, arise either from 
‚ymphadenoi tissue, or fat-tissue (Bayer) or from fibrillated connective tissue. It is 
ormed from the latter most frequently in the connective tissue of the mucosa and sub- 
mucosa of the intestinal tract, as well as in the glandular organs; rarely in the inter- 
muscular connective tissue. | 

Mucous tissue may develop from any proliferating connective-tissue substance, but 
rarely appears in large masses, and is usually a transitory form passing over either into 
fat or connective tissue. 

Fat-tissue develops particularly in those regions normally containing fat, but oc- 
curs also at times in other places, for example, in the reticular connective tissue of 
atrophic lymph-glands, in the perimysium internum of atrophic muscles, etc. 

e close relationship of the connective-tissue substances to each other enables the 
different forms to pass from one to another without the need of an intermediate stage 
of embryonic tissue produced by proliferation. Further details in regard to this point 
are contained in the next part. 
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§ 85. The new-formation of the white blood-cells occurs, in the first 
place, within the lymphadenoid tissue of the lymph-glands, spleen, and 
the intestinal tract, and there are contained within the lymph-nodes 
areas sharply outlined from their surroundings, in which there are 
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always present numerous cell-division figures which belong for the most 
part to free cells. These areas have been designated germ-centres (Flem- 
ming). Further, leucocytes are also produced in the bone-marrow and 
gain entrance to the blood through the vessels of the marrow. Moreover, 
division of leucocytes occurs in the lymph-vessels of the lymph-glands 
and the tissues, and there is now no doubt that leucocytes may divide in 
the circulating blood and in the tissue-spaces. Whether there may arise 
from the proliferation of connective-tissue cells such forms of cells as 
have the power of wandering into the blood-vessels, and which there 
may be regarded as white blood-corpuscles, is not yet settled. 

The division occurs chiefly through mitosis; but amitotic division also 
takes place, and upon this phenomenon depends the fact that a large 
part of the leucocytes contain peculiar lobulated, wreath-shaped nuclei 
or even nuclei which have broken up into small fı ents. 

Mitotic division is the form of division which leads to the formation 
of viable cells. In how far amitotic division (fragmentation of the nu- 
cleus) is followed by a cell-division isa diffi- 
eult question to decide, but it is to be as- 
samed that leucocytes with fragmented nuclei 
represent elements undergoing a retrograde 
change. Consequently the transformation 
of mononuclear into polynuclear leucocytes 
is to be taken as an evidence of approach- 
ing dissolution. 

The new-formation of red blood-cells 
takes place (Bizzozero, Neumann, Flemming) 
through mitotic division of nucleated young 
forms of red blood-cells, the erythroblasts. 
In the human adult this process is limited 





to the bone-marrow, and the same is true in 
the case of mammals, birds, reptiles, and 
the tailless amphibia, while in the tailed am- 
phibia and in fishes the spleen also takes part 
in the formation of red cells. In embryos 
the formation and multiplication of red cells 
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oceurs throughout the entire vascular sys- 
tem: later this activity is confined to the spleen, liver, and bone-marrow, 
and finally to the last alone. 

Neumann holds that the multiplication of the young forms of the red 
cells occurs in the lymphoid marrow. According to Bizzozero and 
Denys the increase, under normal conditions, takes place only in the 
vessels of the marrow, and the complete development of the red cells is 
carried out in the same location. The change of the nucleated cells into 
the non-nucleated is brought about, according to the majority of ob- 
servers, by the disappearance of the nucleus. According to Rindfleisch, 
Howell, Malassez, and Maximow the nucleus is extruded from the cell. 
According to Maximow there may be distinguished in the protoplasm of 
erythroblasts possessing old pyknotie nuclei, a granular substance lying 
close to the nucleus and a homogeneous peripheral substance. After the 
extrusion of the nucleus the inner granular substance, which stains with 
neutral red and other stains, remains preserved for a time, but vanishes 
during the ripening of the red blood-cells. 

The origin of the nucleated red cells has not yet been satisfactorily 
explained. According to Bizzozero the young forms of the red cells are 

17 
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of a peculiar type which constantly contain hemoglobin and have no 
colorless antecedents. Denys, Lowit, Howell, and Pappenheim hold, on 
the contrary, that they arise from nucleated, colorless cells containing no 
hemoglobin (basophile leucocytes according to Pappenheim), which ac- 
cording to Denys increase within the marrow-vessels; while Lowit, on 
the other hand, holds that the colorless antecedents of the red cells, 
dividing by mitosis, and which he calls erythroblasts, occur in the 
lymph-glands and spleen, as well as in the bone-marrow, and are found 
both within the vessels and in the meshes of the reticular tissue. 

Flemming, who agrees with Bizzozero concerning the hemoglobin 
content of the nucleated young red cells, is inclined to assume that the 
young forms present in later life are direct descendants of the young 
forms of the embryonic period. Neumann holds that this hypothesis is 
not sufficient to explain all the phenomena of later life; as, for example, 
the replacement of fatty marrow, which contains no nucleated red cells, 
by blood-forming lymphoid marrow, and the formation of blood-cells in 
newly developed marrow. He finds himself driven to the assumption 
that either a development of the nucleated red blood-cells takes place 
from the leucocytes of the blood which are carried to the marrow after 
birth by the arteries, or that they arise from the tissue-elements of the 
bone-marrow. 

In case of an increased formation of red cells, as occurring after loss 
of blood, and also in severe chronic anemia and leukemia, nucleated 
red cells may appear also in the circulating blood outside of the bone- 


marrow, while under normal conditions they are not found there. The . 
fatty marrow acquires in such cases the character of lymphoid marrow, 

and this change is brought about by the disappearance of the fat through 4 

dilatation of the vessels with increased supply of blood, and through an 1 


increase in both the colorless and red cells of the marrow. 


Ehrlich (Zeitschr. f. klin. Med.,i.; Charite Annal., 1884; Verhandlung d. Phys. . 
Ges. zu Berlin, 1878-79; Deutsch. med. Wochenschr., 1888) and Einhorn (“ Veber d. Ver- _ 
halten der Lymphocyten zu den weissen Blutkörperchen,” Inaug.-Diss., Berlin, 1884, - 
ref. Fortschr. der Med., iii.) distinguish among the leucocytes of the normal blood: (1) © 
small lymphocytes with deeply staining nuclei of relatively large size, and with little = 
protoplasm ; (2) lurge lymphocytes with large nuclei that stain lightly and with abundant zx 
protoplasm; (3) mononuclear transitional forms with irregular nuclei; (4) polynuclear -r 
neutrophile leucocytes with polymorphous nuclei or with several nuclei, and containing 
neutrophile granules (granules which stain with a neutral dye, obtained by mixing acid Fz 
fuchsin with basic methy]-green), these forming about seventy per cent of all the white =e 
cells of the blood, and migrating in purulent inflammations; (5) eosinophtle cells, whose ae 
protoplasm contains numerous granules staining with acid dyes (eosin); (6) mast-cells a. 
(0.5 per cent of the white cells) having basophile granulation. 


Lörit distinguishes among the colorless cells of the blood two different forms which af 
he designates leucoblasts and erythroblasts, and which he believes to have a wholly “wy 
different significance and not to pass over from one form to the other. The leucoblasts = Bs 
are the lymphocytes with chromatin arranged in clumps, which do not undergo mitotic => Kc 


division, but pass over into the polynuclear leucocytes through fragmentation of the => me 
nucleus. The erythroblasts are the colorless young forms of the red cells, which divide <=» Fle 
by mitosis, and are distinguished from the lymphoid cells by their homogeneous char- — r- 
acter and slight contractility of the protoplasm. The transformation into hemoglobin. — m- 
containing cells occurs partly in the blood, and partly in the bone-marrow. 

Flemming regards Lovit’s views as incorrect, claiming that the observations of the =<» ae 
latter give no evidence of a transformation of colorless erythroblasts into red cells. and ©» ad 
that leucocytes which do not become changed into red cells also divide by mitosis — eu 
Neumann also is unable to agree with Lust. 

Horell holds that the bone-marrow contains numerous colorless erythroblasts, _ #3 
which change in the marrow into nucleated cells which later through the extrusion of —-/ 
the nucleus are transformed into non-nucleated red blood-cells. 

Pebrone believes that the red blood-cells of the mammals are only apparently non — 
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nucleated, and that it is possible by means of especial methods of fixation and staining 
to render the nucleus visible. Negri has likewise found similar structures in red cells, 
but does not believe them to be nuclei. Malassez believes that the red cells arise from 
buds of nucleated cells of the marrow. According to Denys, with whom E. H. Ziegler 
agrees, the red blood-cells have a peculiar origin; and in birds are formed from the wall 
of the venous capillaries of the bone-marrow, which have a germinal layer of red blood- 
cells in the form of acellular coating of many layers, which give off into the blood- 
stream cells, which then come to contain hemoglobin. 
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8 86. The new-formation of transversely striated muscle-fibres 
takes its start from portions of old muscle-fibres; and although, after 
injury to a muscle, the intermuscular connective tissue may be excited 
to active proliferation, there is formed in consequence only connective 
tissue, or probably also the sarcolemma of new fibres, but never new con- 
tractile substance. 

The first signs of aformative activity of the muscle-fibres after injury 
appear in the muscle-nuclei, in that these become elongated and then 
divide into a varying number of fragments (Steudel, Nauwerck). Even 
on the second day there may occur mitotic division (Fig. 171, a, 5) of the 
muscle-nuclei. This form of division seems to be the only way in which 
multiplication takes place, and under favorable conditions it occurs very 
actively after the second day. 

The behavior of the contractile substance of the muscle differs very 
markedly according to the nature and extent of the injury. In the case 
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With the transformation of the sarcoplasm into muscle-fibrille there 
appears gradually a longitudinal and later a transverse striation, a sign 
that the organic structure of the plasma has completed its development 
in the way characteristic of muscle. 

The greater part of the proliferating muscle-cells which have no connection 
with living muscle-fibres die; but it is to be noted that they persist for a 
long time, so that not infrequently there may be seen in musele-scars 
from eight to forty days old great numbers of protoplasmic masses very 
rich in nuclei. Under certain circumstances these may form long, con- 
nected bands, or rows of separate pieces of protoplasm. There can be 
no doubt. that a part of these cells under favorable conditions become 
transformed into transversely striated muscle-substance; and this takes 
place either by the formation of new independent muscle-fibres or by 
union with old muscle-fibres or muscle-buds. The disconnected new- 
formation of muscle from proliferating muscle-cells occurs particularly 
when the contractile substance is destroyed while the sarcolemma remains 
intact. (as in typhoid fever). On the other hand, the formation of buds 
is observed especially at the ends of fibres which have been divided. 

The buds springing from the ends or sides of muscle-fibres may cause 
a simple elongation of the muscle-fibre, frequently deviating from its 
original direction (f). Often there are seen fibres which have split into 
two or three parts (g), so that the old fibres branch as they pass into the 
musele-scar. As far as we know, this splitting of the fibre occurs very 
early («), before the proliferating muscle-nuclei have formed much sar- 
coplasm, so that the proliferation appears first in the split portions of 
the fibre. As a result of such splitting a muscle-scar may come to con- 
tain a greater number of muscle-fibres than were originally present in 
the affeeted area. 

Hypertrophy of transversely striated muscle takes place through an 
enlirgement of the individual muscle-fibres; the thin musele-fibres in 
particular becoming inereased in thickness (Morpurgo). The nuclei do 
not become increased in number. On the other hand, such an increase 
does take place in the ease of a growth in length of the muscle; and is 
the result, most probably, of amitotie division (Morpurgo). 

A new-formation of heart-muscle has not yet been positively demon- 
strated. After injuries of the heart, division figures appear in the mus- 
Cle-cells, but after a few days these can no longer be demonstrated, and 
the wound heals through the formation of ordinary scar-tissue. Focal 
degenerations of the myocardium likewise heal by connective-tissue cica- 
trization. If through any reason the heart-muscle becomes hypertro- 
phied, the increase in size takes place through the enlargement. of the 
musele-cells; whether an increase in the number of the cells also occurs 
is not yet known with certainty. . 

A. new-formation of smooth muscle-fibres as well as regeneration, m, 
occurs after traumatic or toxie and ischsemic degeneration. It occurs #2=—3s 
also in hypertrophic new-formations of musele-tissue—for example, in aca in 
tumors—and is initiated by mitotie division of the nuclei of the muscle- — =e- 
cells, which is followed by division of the cells. According to the results== ts 
of experimental work and also of observations upon the muscle-tissues of @® «_of 
man, the reproduction of fibres after injuries and focal degenerations is= ar is 
but slight, ceasing after a short period. Thus, for example, defects im m= in 
the muscularis of the stomach and intestines or of the bladder are, fom «or 
the chief part, closed only by connective tissue. 

Hypertrophy of smooth muscle-fibre is a phenomenon which, withim=—_z 
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certain limits, is of very frequent occurrence. In the pregnant uterus 
the size of the muscle-cells may reach five to ten times the ordinary size. 
Ot other organs the bladder most frequently shows a marked hypertro- 
phy of smooth muscle. 
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§ 87. Regenerative new-formation of the nerve-elements of the 
central nervous system through the new-formation of ganglion-cells 
most probably does not occur in man and mammals in post-embryonal 
life. According to the investigations of Stroebe, on the other hand, 
dlivided nerve-fibrils (in mammals) may grow lengthwise to a certain extent 
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through sprouting of the axis-cylinder ; and this is true particularly of the 
fibres of the pyramidal tracts and the posterior roots, both of which 
after being divided grow into the scar-tissue developing at the site of the 
wound, the former in a downward direction, the latter upward. A com- 
plete restoration of nervous tissue does not take place, and a defect in 
the spinal cord due to trauma is replaced essentially by connective tis- 
sue, in part also by neuroglia. It is not yet known whether the loss of 
single nerve-fibres of the brain and spinal cord may under favorable 
conditions (preservation of the supporting tissue) be entirely restored 
through an outgrowth of the axis-eylinders. 

Regenerative and hypertrophic proliferations of neuroglia are phe- 
nomena which occur frequently in diseased conditions of the central 
nervous system, and either follow degenerative changes of the nervous 


elements, or in part also destruction of the neuroglia, or they may 
appear without such 
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nerve-fibres of the nerve-stump, which, arranged in small bundles, or 
scattered, grow into the connective tissue and penetrate it in every direc- 
tion (Fig. 175). Not infrequently the growth of nerves is so extensive 
that nodular or clubbed swellings (Fig. 175, b) arise on the ends of the 
nerves. Such a swelling is known as an amputation-neuroma. 

When a nerve after division is again united, or if the division of the 
nerve is only partial, the nerve-fibres growing out from the proximal end 
after penetrating the connective tissue 
formed in the site of the wound, may in 
part, or all, find their way into the per- 
ipheral portion of the nerve where, in the 
mean time, the nerve-fibres have been de- 
stroyed. In this way the distal end may 
again become neurotized—that is, supplied 
by new nerves. According to investiga- 
tions of Forssmann, the direction of the 
newly growing fibres is governed by 
chemotactic influences arising from the 
disintegration-products of the old nerve- 
fibres. 

According to the investigations of 
Vanlair the growth of a regenerating 
nerve is about 0.2-1 mm. daily, accord- 
ing to the character of the tissue. A 
portion of the new nerve-fibres may pen- 
etrate into the old, empty sheath of 
Schwann ; others extend into the epineur- 
ium and perineurium, and in this situa- 
tion grow toward the periphery to the 
end-organ. Single fibres may pass by the 
end of the nerves, and grow toward the 
periphery, either along the old nerves or 
by an independent route. Many fibres, 
which leave the old route, are finally lost 
in the tissues. In the lower portion of 
the intermediate substance (Vanlair) the 
nerve-strands begin to separate into 
bundles again, and with the formation 

of a perineurium about the latter, the re- 
in Ach. Amputatly m generated nerve takes on more and more 
putation of herve nine years previously) te structure of a normal nerve. 
(ailler's Aula). a, Nerves b, neuroma, The above-described process of regen- 
eration requires for its accomplishment 
weeks or even months, and sometimes is not complete after several 
months. 














The question of the regeneration of the central nervous system is still under 
discussion. It is generally accepted, as having been established beyond all doubt, that 
in the cold-blooded animals, reptiles, and tailed amphibia, a regenerative new-forma- 
gation of portions of the central nervous system can take place. In the case of warm- 
blooded animals, particularly in the mammals, the majority of experimental investi- 

‘tions have failed to demonstrate a regenerative new-formation of ganglion-cells. 
redexchi, Vitzow and others, claim to have observed, after injuries of various kinds, 
both a new-formation of neuroglia and of ganglion-cells and nerve-Abres; but the 
investigations carried out in my laboratory by Tachtstowitech seem to me to contradict 
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these assertions. The results obtained by Grunert in experimental work with pigeons 
agree with the conclusions arrived at by Tschistowilsch. 

Monti and Fieschi could demonstrate no evidences of regeneration in the ganglion- 
cells of the sympathetic after injuries. Zvrelli found only degenerative changes in 
the ganglion-cells of the intervertebral ganglion after injury of the same. - 

he new-formation of peripheral nerve-fibres has been made very frequently 
the subject of experimental research, and different observers have come to very differ- 
ent conc! isions (see Stroebe, I. c.). The above-described mode of new-formation I regard 
as firmly established, in so far as its essentials are concerned, upon the ground of per- 
sonal investigations. I have been unable to confirm the views of Neumann, Doöbert, 
Duszkierricz, Cattant, Weir Mitchell, Gluck, Beneke, von Büngner, Wieting, and others, 
who hold that the new fibres in the distal portion of the severed nerve rise autochthon- 
ously from the nuclei of the sheath of Schwann, or from the old axis-cylinder, or from 
a protoplasmic mass formed by a chemical transformation of the medullary sheath and 
axis-cylinders (Neumann-Doddert), Likewise, the attempt made by Neumann and 
Wieting (Marchand) to bring into accord the established fact of the outgrowth of the 
axis-cvlinders of the proximal! portion into the scar uniting the severed ends, with the 
theory of the origin of new nerve-fibres from the nuclei of the sheath of Schwann, or 
from the remains of old fibres, or from both, by the assumption that the axis-cylinders 
growing from the proximal end convey a stimulus from the nerve- centres to the distal 
portion and thereby make possible the development of new fibres, I regard as unsuc- 
cessful, and hold to the above-given view. Iam further of the opinion that the medul- 
lary sheath is not formed by the cells of the sheath of Schwann, but represegtsa product 
of the axis-cylinders; but further investigations as tothis point are needed. According 
to Nissl, Murinesco, and others (see Barbacci, t. ec.) there occurs, after the severing of a 
nerve. first a degeneration in the corresponding ganglion-cells with disintegration of 
the Nissl’s bodies, and this may lead to the destruction of individual cells. Later, 
progressive changes with new-formation of chromatin take place, and may lead to 
hypertrophy of the cells (Marinesco); these changes reach their maximum in about 
ninety days, after which time there is a return to the normal condition. 

‘he regenerative new-formation of the tissues of the eye has in recent years 
been repeatedly an object of research. According to Wolff, Müller, and Kocha the lens 
of tritons may regencrate, after removal, by means of a proliferation of the epithelium 
of the inner layer of the iris. According to Röthig, the same thing occurs in the trout. 
Gonin observed in rabbits, after the lens had been removed in such a manner that the 
capsule and some of the equatorial lenticular fibres and epithelium of the anterior wall 
were left behind, that there occurred a proliferation of this epithelium, leading to the 
union of the anterior and posterior walls through cells resembling connective-tissue 
cells. A new-formation of lenticular fibres from these cells does not take place. 
Remains of the lenticular fibres may form a rudimentary, useless lens, which in the 
case of young animals may becoine somewhat enlarged through the growth of the fibres. 
Randolph obtained somewhat better results in guinea-pigs. In the human ey’ similar 
formations are seen after removal of the lens, and are known under the name of “ Krys- 
tallwulst ” (Baas). According to Franke, Krückmann, and Stoewer, the sclera possesses 
but slight power of proliferation. Wounds of the same are healed chiefly through 
proliferation of the choroid and episcleral tissue. 

According to Baquis, there occurs, in the injured retina of the rabbit, division of 
both ganglion and neuroepithelial cells. According to Krückmann, the pigment- 
epithelium is capable of extensive regeneration, but neuroepithelium, on the other 
hand, is not again formed. 
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III. The Results of Transplantation and Implantation of Tissues and 
Organs. 


§ 88. The local regeneration of tissue is, as mentioned in the last part, 
very often but slight, so that losses of tissue may be followed by perma- 
nent defects, and in place of the original structures there may appear 
only a cicatricial tissue of a lesser value. Consequently, from practical 
reasons, many attempts have been made, through transplantation and 
implantation of tissue, to aid and to improve the healing-process; and 
such attempts have in part been successful. At the same time they have 
also thrown light upon the individual life of the tissues and upon the 
behavior of the organism toward implanted living tissue. 

The most successful results have been obtained in the transplantation 
of tissues which remain connected with their nutrient vessels, since the same, 
at the point of union between the transplanted portion and the under- 
lying tissues upon which it is placed, grow together with the latter in 
essentially the same manner as do the edges of the wound in the case of a 
cut. This method is utilized most frequently in the case of plastic oper- 
ations upon the surface of the body, but it finds application also in inter- 
nal surgery. For example, wounds of the bladder, intestine, ureters, 
tubes, etc., may be easily closed through implantation of the omentum; 
and the surface presenting upon the lumen of the organ concerned 
becomes very quickly covered over by the neighboring epithelium, which 
extends over it from the edges, or is also transplanted from the opposite 
epithelial surface (Cornil, Carnot); while the omentum itself grows to 
the adjacent wound-surfaces, and thus through changes in its structure 
completely closes up the defect. Very often such an implantation of the 
omentum occurs spontaneously, as, for example, in the case of traumatic 
or ulcerative perforations of the intestine, stomach, gall-bladder, etc., 
and even large openings may be closed in thismanner. As experimental 
investigations have shown, portions of intestine provided with blood- 
vessels may be implanted into other portions of the intestines, into the 
bladder (Enderle), stomach (Reerink), and can heal perfectly in these 
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locations with preservation of their own epithelium. Likewise, portions 
of bone or cartilage connected with the periosteum or perichondrium 
respectively, and with nutrient vessels, may be implanted into neighbor- 
ing tissue. 

Transplantations of tissues completely freed from their basement- 
structures have also been successfully performed, since cells loosened 
from their connection with the organism are able to preserve their vital- 
ity for acertain length of time. The cells of the epidermis are able to 
live for the longest time; when kept cool they may be preserved alive 
for several (two to nine) days (Wentscher claims to have been able to 
preserve epithelium alive for twenty-twodays). Ciliated epithelium may 
also be preserved alive for several days and still show movements of the 
cilia. Next to the surface-epithelium in this respect stand the connec- 
tive tissues, while other tissues quickly die, the cells of the brain and 
kidney most rapidly, dying within a few hours after an obstruction to 
the blood-supply. According to the investigations which have been 
made up to the present time (Saltikow and others) the tissues of the 
skin, periosteum, interarticular cartilages, muscle and cartilage easily 
preserve their vitality for two to three days. Morpurgo found cells of 
the periosteum to be capable of reproduction even after seven to eight 
days. The tissues of the vessels, tendons, and neurilemma appear to be 
somewhat more resistant. Exact statements with regard to this point 
cannot be made at present, since, on the one hand, the expiration of life 
does not take place suddenly, but gradually with the constant diminu- 
tion of vital cells; and, on the other hand, the conditions under which 
the excised portions of tissue are preserved also influence the duration of 
life. 

Transplantations of skin give the best results, and were first recom- 
mended by Reverdin and Thiersch for the healing over of broad, open 
wounds and have since been extensively used for this purpose. The 
material used consists of pieces of skin which may be taken either from 
the same individual or from another person. Ordinarily, strips of skin 
removed by means of a sharp knife are used, which include the tips of 
the papilla and the upper layers of the corium. Epithelium in connec- 
tion with a thicker layer of the corium may also be successfully trans- 
planted, and in the case of injuries, large portions of the skin which have 
been completely torn off may be again joined by healing to the deeper 
tissues on the very same spot from which they had been removed. 

The transplantation may be made either upon a fresh wound-surface 
or upon one already showing proliferation. The strips of skin are held 
firmly in place by means of moist bands of gauze. The pieces of skin 
become fastened to the surface of the wound by means of coagulated 
blood or lymph. In successful cases a firm union with the underlying 
tissue takes place within about eight days. 

The nourishment of the transplanted pieces (Fig. 176, d) is obtained 
first from the tissue-fluids which exude from the underlying tissues. 
Later, there begins in the latter a vascular connective-tissue proliferation 
(b, e), and the transplanted portion becomes penetrated from below by 
new blood-vessels (yg) accompanied by fibroblasts, so that it finally be- 
comes interspersed with new blood-containing vessels and areas of granu- 
lation tissue. Under favorable conditions the old vessels may again 
become opened through the ingrowth of new vessels. 

The behavior of the transplanted portion varies in individual cases, 
the number of cells living and proliferating changing with the condi- 
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tions. A part of the cells of the transplanted portion is always 
shown macroscopically in 


transplanted epithelium and in part also by transplanted 

‘Through the latter it is made possible that the cicatricial area 

comes to possess papille. To what extent in a given case the superficial 
layers of the cutis arise from the skin-graft or to what extent from the 
tissue upon which it is planted, cannot be determined. If the papillary 
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bodies remain preserved, a portion of the tissue may be formed from 
cer ee fibroblasts. After a time the transplanted area comes to 

nerves which into it from the edges, and there is restored 
first the tactile sense ), later the sensibility of pain and temper- 


ature. New elastic also develops, as in ordinary scars, from the 
ends of the old fibres. 
> ions, there have been attempted transplanta- 


Besides skin-transplantati 
tions of almost all the tissues: periosteum, bone-marrow, bone, muscle, 
nerves, thyroid, pancreas, mammary gland, mucous glands, ovary, testis, 
‘ete. ; also of tissue-combinations, as, for example, a rat’s tail from which 
the skin has been stripped. Embryonal tissue has also been transplanted 
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in a variety of ways. Finally the attempt has also been made to trans- 
plant tissues from one animal to another of a different species. 

Such transplantations have been made upon open wounds, into the 
subcutaneous tissues, peritoneal cavity, glandular organs and lungs, 
either by direct operative procedures or by the introduction of the tissue 
into the blood-stream through the blood-vessels. 

The results of all these experiments may be summed up as follows: 

In all transplanted tissues there occurs first a degeneration, and a part of 
the tissue dies. After a certain time there usually results a proliferation 
of the remaining portion, which may lead to a new-formation of tissue. 
Connective-tissue cells form new connective tissue; periosteum and bone- 
marrow form bone or connective tissue; muscle-cells, new muscle; carti- 
lage, new cartilage; surface epithelium, new epithelium (epithelial cysts). 
Of the glands the thyroid, mucous glands, and mammary glands may 
form new glandular tissue, while such & new-formation does not take 
place in the case of the kidney, liver, testis, and ovary. In the case of 
the liver only the epithelium of the bile-ducts proliferates. Only in the 
case of the transplantation of the ovary into the peritoneal cavity of the 
same animal can the ova ripen and pregnancy occur (Knauer, Ribbert, 
Gregorieff). The tissues of young individuals in general show a greater 
capacity for proliferation than those of old people. In the case of the 
transplantation of complicated tissues, as, for example, the skinned tail 
of a rat, all the different tissues may produce new tissues and the whole 
piece grow. 

Embryonal tissue can likewise grow after transplantation and become 
differentiated, and it is shown that firm cartilage in particular, which in 
later life shows but little power of proliferation, is longer preserved and 
shows further growth, while the delicate soft tissue-formations easily die. 

After a certain time there occurs in almost all the transplanted tissues, 
as well as in the newly formed tissue, a retrograde change, and they are 
finally destroyed through the ingrowth of tissue from the neighborhood. The 
time at which this occurs varies with different tissues, and is dependent 
partly upon the character of the tissue, and partly upon the surrounding 
conditions. Implanted surface-epithelium can under certain conditions 
remain permanently, and give rise to epithelial cysts. Portions of thyroid, 
mammary gland, and pancreas are preserved for a long time. Cristiani 
found pieces of thyroid intact two years after implantation. The major- 
ity of the tissues, however, disappear within a few months. In glands 
which are not capable of proliferation the gland-cells die first. If all of 
the implanted piece is not destroyed it may become encapsulated. 

Tissue of different species, when transplanted, does not grow, but is 
either destroyed or encapsulated, sometimes quickly, sometimes slowly. 

According to the published observations, the implantation of tissue does 
not lead to the formation of a permanent tissue from the transplanted piece 
except in the case of the transplantation of skin. Nevertheless, such an 
implantation may, under especial conditions, have a transitory or perma- 
nent value. The implantation of thyroid or pancreas tissue may for a 
certain time check the harmful consequences of the loss of these glands. 
Through implantation of a tissue into a defect a temporary filling of the 
latter may be produced, and the neighboring tissues are thus permitted to 
proliferate for a longer time, and to form a greater amount of new tissue 
along the framework afforded by the implanted portion, and so finally to 
close up the defect completely. Bone (not connected with nutrient ves- 
sels) when implanted into a portion of the skeleton is destroyed, and 
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absorbed (equally so in either case, whether living bone or dead and 
macerated bone is implanted), and is replaced by new bone arising from 
the neighboring periosteum and bone-marrow. In this way there may 
be obtained a better healing of the bone-defect, and such implantations 
of bone or cartilage may also be made use of in the case of other tissues, 
for the stimulation of a more abundant production of tissue for the pur- 
pose of filling up tissue-defects. 

The transplantation of nerves has never resulted in the new-formation 
of a nerve from the transplanted piece. The attraction which the prod- 
ucts of disintegration of a nerve (Forssmann) exert upon the axis-cylin- 
ders growing into the wound may be utilized to direct the course of the 
growing nerves into certain channels, 
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IV. The Metaplasia of Tissues. 


§ 89. Metaplasia of a tissue is that process by which an already fully- 
developed tissue is changed into another tissue without passing through an 
intermediate cellular stage—that is, through the stage of an embryonic 
or formative tissue. Such a transformation occurs only in tissues which 
are closely related to each other, particularly in the connective tissues, 
All the tissues belonging to this group may, under pathological condi- 
tions, be transformed, one into another, without the occurrence of any 
intermediate proliferation—a phenomenon which in itself is not. surpris- 
ing, as such transformations occur also under normal conditions. Mu- 
cous tissue becomes changed to adipose tissue through the conversion of 
the stellate connective-tissue cells into round fat-cells through the tak- 
ing-up of fat, while the mucous ground-substance disappears. uymph- 
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orrhcea), nose (oz®na), and of the trachea, whereby the cylindrical epithe- 
lium becomes changed into flattened. 

This transformation takes place through a change in the character of 
the regenerating epithelium as the result of repeated loss of the original 
epithelium. In the stratified squamous epithelium of a mucous mem- 
brane there may occur also a cornification of the uppermost layers of cells, 
both in regions where squamous epithelium is normally present, and also 
in regions which normally possess none, as, for example, in the ureters, 
as well as in places where it has been formed pathologically, as in the 
nose and aterus. 
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CHAPTER VII. 


Inflammation. 
I. The Early Stages of Acute Inflammation. 


§ 90. Under the designation inflammation are grouped those patho- 
logical phenomena which represent a combination of different patholog- 
ical processes, consisting on the one hand of tissue-degenerations and 
tissue-proliferations, and on the other of pathological exudations from 
the blood-vessels. Degenerations of tissue and pathological erudations init- 
tate the process ; with these tissue-proliferation is sooner or later associated, 
the latter leading in the further course of the process to a compensation 
for the disturbance—that is, to healing. The proliferation of tissue may, 
therefore, be regarded as regenerative, but such new-formation of tissue 
may be in excess of that which is useful to the body. The tissue-degen- 
erations and proliferative processes described in the previous chapters 
appear for the greater part as participating factors in inflammation; the 
process acquiring its inflammatory character through the combination of tissue- 
degenerations and tissue-proliferations with pathological exudations. 

Deeper tissue-lesions—that is, injury of tissues containing blood-vessels— 
which in some way or other affect the vascular system, trill, therefore, 
constantly bear at some time during their course the character of an inflamma- 
tion. The formation of scar tissue, the healing of transplanted tissues, as 
briefly described in the last chapter, always take place through processes 
essentially inflammatory in nature. 

Exudation in acute inflammation is constantly associated with a 
pronounced hyperemia, which appears even before the beginning of the 
exudation, and hence ushers in the latter. As a result of the combina- 
tion of hyperemia and exudation the inflamed tissue becomes reddened 
and swollen. When situated on the surface of the body, where a cooling 
of the tissues takes place, the increased flow of warm blood from the 
deeper tissues causes a local increase of temperature. If the tissue af- 
fected contains sensory nerves, the sensation of pain will be produced as 
the result of the changed conditions in the inflamed area. 

Redness, swelling, increased warmth, and painfulness of the in- 
flamed tissue are phenomena which even in ancient times were regarded 
by physicians as the signs of inflammation; and rubor, tumor, calor, and 
dolor were designated by Celsus, at the beginning of our era, as the 
cardinal symptoms of inflammation. To these four was then added 
still a further symptom, functio lesa, altered function of the inflamed 
tissue. 

The causes of inflammation may lie either in mechanical, thermal, 
electrieal, or chemical influences, as well as in the influence of parasites. 
The common characteristic of all these injurious agencies is the produc- 
tion, in the first place, of a local tisaue-degeneration, which, when of a certain’ 
extent and intensity, is associated with disturbances of the circulation and of 
the vascular secretion. The causes of inflammation are not specific; any 
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injurious agent may excite inflammation if on the one hand its action is 
sufficiently intense to cause certain disturbances of circulation in asso- 
ciation with tissue-degenerations, but on the other hand not so intense as 
completely to destroy the tissue and stop the circulation. 

The great majority of the causes of inflammation reach the human | 
organism from the outside, but excitants of inflammation may be formed 
also within the body. In the first place bacteria which have penetrated 
into the tissues very often form within their protoplasm or from sub- 
stances present in the body certain products which are capable of excit- 
ing inflammation. Moreover, substances that excite inflammation may 
arise within the organism without the aid of parasites; particularly as 
the result of the death of large masses of tissue from any cause, as, for 
example, as the result of ansmia, or when as the result of disturbances 
of metabolic processes (gout) products of metabolism are deposited in 
the tissues. 

The.causes of inflammation may act upon the tissues either from the 
portions of the body accessible from without, or from the lymph and the 
blood; and we may, therefore, distinguish ectogenous, lymphogenous, 
and hematogenous inflammations. Through the spread of an inflam- 
mation to neighboring tissues there arises an inflammation by con- 
tinuity ; as the result of the transportation through the lymph or blood 
stream of an agent causing inflammation, there are produced metastatic 
inflammations. If injurious substances are discharged through the 
excretory organs, excretory inflammations may arise. 

When a local injury to tissues has reached such a degree as to pro- 
duce the exudation characteristic of an inflammation, there is usually 
found in the first place a congestive hyperemia, as a result of which 
the blood flows through the dilated blood-channels with increased veloc- 
ity. After a short time there is a lessening of the speed of the circula- 
tion which leads finally to an abnormal slowing of the blood-current. 

The first disturbances of circulation, which find expression in the 
congestive hyperemia, may be due either to a stimulation or paralysis 
of the vasomotor system or to a direct action upon the vessel-walls, par- 
ticularly upon the arterial walls, leading to a dilatation of the lumen. 
Although these disturbances very frequently precede the inflammatory 
exudation, they do not form an essential characteristic of inflammation, 
and occur very often without being followed by an inflammatory exuda- 
tion. Further, they may be absent during the course of an inflammation. 
The circulatory disturbances characteristic of inflammation are shown 
only when the slowing of the blood-current and the pathological 
exudation from the blood-vessels set in. The slowing of the blood- 
stream in the dilated channels and the pathological exudation are de- 
pendent upon a change in structure, an alteration of the vascular walls, 
through which there results a lasting dilatation of the vessel and an 
adhesion of the blood to the vessel-wall, causing an increase of friction- 
resistance and an increased permeability of the vessel-wall. In the capil- 
laries the persistent dilatation is in great part the result of relaxation of the 
connective tissue surrounding the capillaries, inasmuch as the thinness of the 
capillary walls makes this tissne bear the greater part of the blood-press- 
ure resting upon them. 

The tissue-lesion which leads to the phenomena of inflammatory dis- 
turbances of circulation and exudation usually affects all parts of the 
tissue, but under certain conditions may be limited to the vessel-wall, 
particularly in the case of a hematogenous inflammation, in which the 
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injurious agent acts from the blood. However, the tissue in the region 
adjoining the capillary walls must soon become involved in association. 
The tissue-changes brought about by the excitants of inflammation are 
sometimes only slight, and even on microscopical examination are either 
not recognizable at all or only with difficulty; at other times they are 
more severe, so that they may be easily recognized even on macroscopic 
examination. The latter is particularly the case when some time has 
elapsed after the action of the injurious agent. During the further 
course of the intlammatory process there are often added to the lesions 
produced directly by the causes of inflammation other tissue-changes, 
which are brought about by the inflammatory disturbances of circulation 
and the collection of exudate in the tissues. 

If in any tissue the cause of inflammation has led to that alteration 
of the vessels which is the requisite antecedent of an inflammatory dis- 
turbance of the secretion of the vessels, i.e., the formation of an inflam- 
matory exudate, and if as a result of this there is already evident a 
slowing of the blood-stream, the capillary circulation becomes irregular, 
and there occurs here and there either stagnation or a permanent or 
transitory stasis. Since in this event the white blood-corpuscles often 
remain clinging to the vessel-walls while the red blood-cells are carried 
on, there arises in the capillaries a more or less marked increase of 
white blood-corpuscles as compared to the red. In the veins, in which 
there can be distinguished in the normal circulation an axial red stream 
and a peripheral plasma-zone free from cells, a greater or less number of 
leucocytes pass over into the peripheral plasma-zone, when the slow- 
ing of the circulation has reached a certain degree. A still greater slow- 
ing of the current leads to the passing over of blood-plates and red 
blood-cells into the peripheral plasma-zone, and finally the difference 
between the axial-stream and the peripheral zone may be entirely lost. 

When leucocytes pass over into the peripheral zone they either roll 
along in the same or cling to the wall of the vein, either to roll on again 
after atime or toremain permanently attached. If this occurrence leads 
to a marked accumulation of leucocytes along the vein-walls, the condi- 
tion is known as the marginal disposition of the white corpuscles (Fig. 
180, d). 

Following the accumulation of the leucocytes in the capillaries and 
the marginal disposition in the veins there occurs later an emigration of 
the leucocytes (Fig. 180, d, e) from the vessels involved, and at the same 
time a pouring-out of fluid from the vessels into the tissues. 

The emigration of the white corpuscles is an active process, which 
is accomplished through the amoeboid movement of the cells, and to a 
certain extent occurs under normal conditions. The cause of the marked 
emigration seen in inflammations is doubtless a change in the vessel- 
walls, which favors the clinging of the cells to the walls and their pas- 
sage through thelatter. According to investigations by Arnold, Thoma, 
and others, the Jeucocytes pass out through the lines of cement-substance 
between the endothelial cells; and inthe alteration of the vessel-wall due 
to inflammation localized defects occur in the wall as the result of the 
widening of these lines. The emigration is accomplished by the leuco- 
cytes first sending a process through the vessel-wall, the remainder of 
the cell-body then flowing after the process, until finally the entire cell- 
body is outside of the vessel. Arrived here the leucocytes first remain 
lying in the immediate neighborhood of the point of diapedesis, but 
often wander farther, the direction of the wandering being determined 
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partly by mechanical stimuli, partly by chemotaxis—that is, the repelling 
or attracting influences exerted by chemical substances present in solu- 
tion in the tissue-juices. Possibly chemotactic influences sometimes 
exert an action even upon the leucocytes in the capillaries or those in 
the peripheral zone of the veins. The leucocytes emigrating from the 
vessels are chiefly polynuclear forms, which constitute about seventy per 
cent. of the white blood-corpuscles in the blood. The number of the 
migrating cells is sometimes large, sometimes small. 

The pouring-out of the fluid exudate, whose composition always 
differs more or less from that of the normal tissue-lymph, and which is 
characterized by & relatively high albumin-content, is a process which is 





Fig. 100.-Infamed human mesentery (oemic-acid preparation). a. Normal trabecula; D. normal 
epithelium (endothelium): ¢, small artery; d, vein with erally; ¢, white blood- 
„ multinuclear cells; g, 





also to be referred to an alteration of the vessel-wall, in consequence of 
which the secretory function of the latter suffers a disturbance. It takes 
place at the same time with the emigration of the leucocytes, but may 
begin before this event, and may occur also in cases in which the emigra- 
tion of the leucocytes does not take place at all, or remains within very 
narrow limits. The composition of the erudate is dependent, in all cases, 
partly upon the especial property of the affected vessels, which always 
varies according to the tissue-formation to which the vessels belong, and 
partly upon the degree of vascular alteration; and it may be assumed 
that the albumin-content is the higher the greater the damage to the 
vessel-walls. If the extravasated fluid contains fibrinogenic substances 
and fibrin-ferment, and if, on the other hand, no influences opposed to 
such a change are acting, coagulation—that is, a separation of fibrin 
—takes place. 

If the alteration of the vessels is of a very high degree, or if at the 
same time there is a marked stasis, red blood-cells may also pass out of 
the vessels (Fig. 180, g) along with the fluid, either by rhexis or dia- 
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pedesis. According to Thoma and Engelmann the diapedesis occurs 
particularly in those places where leucocytes have previously passed 
through the vessel-wall, and the escape of red blood-cells may follow 
very quickly by the same route. Since the red blood-cells are not mo- 
tile, their escape must be regarded as a passive process performed under 
the influence of the pressure within the capillaries. 

The escape of blood-plates into the exudate may take place both in 
exudates rich in cells and those containing but few, but occurs particu- 
larly in exudates characterized by a rich content in fibrin and red blood- 
cells. 

Tissue-proiiferation—that is, the division of cells and nuclei—is first 
recognizable about eight hours after the action of the injurious agent; 
and in many cases appears much later. There are present, therefore, in 
case the inflammation does not arise in a tissue already in a state of pro- 
liferation, the characteristic appearances of inflammatory exudation, and 
with it also the tissue-degeneration, long before the proliferation begins. 


The clinical significance of the term inflammation (inflammatio, phlogosis) has 
changed but little in the course of time, since the cardinal symptoms of inflammation 
set forth by Celsus, and accepted by Galen, are recognized as such at the present day. 
Nevertheless, the views regarding the differentiation of the essential from the unessential 
in the’ symptom-complex of inflammation and the accurate determination of the true 
nature of the process have differed greatly. A comparison of the expressions concerning 
these points made by the more modern writers ( Virchow, von Recklinghausen, Cohnheim, 
Ponfick, Samuel, Thoma, Neumann, Stricker, Jleitenann, Grawitz, , Metschnikoff, 
and others) shows that no single writer defines inflammation in the same way as any 
other, or interprets in exactly the same way any one of the individual phenomena of 
inflammation. ZPonfick designates as the cause of inflammation the disturbance of equi- 
librium in the tissues, “but hesitates to designate retrogressive changes as an indis- 
pensuble attribute of the inflammatory process, and doubts wholly that they should be 
regarded as the point of departure and the chief feature of the process.” Iam of the 
opinion that “a disturbance of the tissue-equilibrium ” is nothing more than a degener- 
ative change of tissue, and regard Punfick’s statement, though directed against my defi- 
nition, as harmonizing with my views. Moreover, I once again emphasize the fact 
that the alteration of the vessels is a necessary requisite for exudation, and that this 
alteration is nothing else than a tissue-degeneration. 

It was formerly believed that hyperemia was the essential symptom of inflamma- 
tion. Rokitansky held that every inflammation was characterized by a dilatation of the 
capillaries, slowing of the blood-stream, and by stasis, which was caused by a thicken- 
ing of the blood through the effusion of serum and the adhesion of the red blood-cells 
to one another. Zlenle, Stilling, and Rokitansky attributed the dilatation of the vessels 
and the slowing of the circulation to a paralysis of the nerves of the vessels, the cause 
of which, according to Ilenle and Rokitansky, is an increased stimulation of the sensory 
nerves; while according to Stélling, the cause lies in a paralysis of the nerves due to 
the inflammatory irritant. Fisenmann, Heine, and Bracke sought to attribute the cir- 
culatory disturbances to a primary spasm of the vessels brought about by the irritation 
of sensory nerves, which produces behind the contracted portions of the vessels a slow- 
ing of the current, irregular circulation, and finally also stasis. Vogel, Emmert, Paget, 
and others, on the other hand, attributed the dilatation of the vessels and the stasis to 
an abnormal attraction of the blood by the tissues. Against these views it must be 
maintained that all the disturbances of circulation produced by contraction or dilatation 
of the vessels, indeed, introduce or accompany the inflammatory disturbances of circu- 
lation, i.e., those leading to exudation, and may exert a modifying influence upon the 
course of the inflammation, but do not form an essential part of the process, and may 
be entirely Wanting, or may appear without the accompaniment of an inflammatory 
exudate. 

_ Jokitinsky sought to explain the pouring out of fluid from the vessels in inflamma- 
tion by the assumption that with the dilatation of the vessels the walls of the latter be- 
came thinned and more permeable. Vogel, C. Emmert, and Paget, on the other hand, 
made this phenomenon also dependent upon an increased attraction between the blood 
and the tissue parenchyma or juices. Virchow, however (1854), believed that part of the 
exudate, and indeed that which collceted in the tissue-spaces and is poured out u 
the free surfaces of the body, to be the result of mechanical pressure in the vessels, Le., 
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pressed-out blood-serum; while a part, which is chiefly taken up by the “irritated” 
cells, is to be regarded as a product of an increased drawing of the blood-elements 
through the tissues, as a kind of nutritive educt. Of the cells collecting in the in- 
flamed area, he believed that all originate from a proliferation of the tissue-cells oc- 
curring as the result of the action of the inflammatory irritant. 

The recognition that the formation of the exudate is to be referred to an injury of 
the vessel-walls we owe chiefly to Cohnheim, whose investigations along various lines 
were completed by Sumuel, Arnold, Thoma, Binz, and others. Cohnheim also showed 
that in inflammation the colorless corpuscles emigrate, and form an essential constituent 
of the inflammatory exudate. 

Dutrochet (“ Rech. anatomiques et physiologiques sur la structure interne des ani- 
maux et des végétaux et sur leur motilité,” Paris, 1842, p. 214) and Waller (Philosoph. 
Magaz., xxix., 1846, pp. 271, 398) had as early as the years 1842 and 1846 already de- 
scribed the escape of colorless corpuscles from the blood-vessels. These observations 
had, however, fallen completely into oblivion until Cohnheim, in 1867, rediscovered the 
phenomenon. 

According to researches of Schklarewsky ( Pflüger’s Arch., Bd. i.), the peripheral dis- 
position of the leucocy tes in the veins is purely a physical phenomenon. If fluids, in 
which are suspended finely powdered substances of different specific gravity, are made 
to flow through tubes, it will be found that at a certain degree of retardation of the 
current, the bodies of lighter specific gravity pass over into the peripheral zone, and at 
a more marked retardation the heavier bodies also enter this zone. 

For the occurrence of the emigration of the white corpuscles, it is necessary, 
according to the researches of Binz, Thoma, and Lavdowsky, that they be capable of 
motion and of adhering to the vessel-wall. According to these observers, the emigra- 
tion of the white blood-cells is not a purely passive, but isin part at least an active 
process. If the amaboid power of the white cells be lessened by means of irrigation 
of the mesentery with a 1.5-per-cent. solution of salt (7T’koma), or if the vital energy 
of these cells be lowered by means of quinine or iodoform (Binz, Appert, Kerner), 
there results an inhibition of emigration. On the other hand, Pekelharing believes 
that quinine, oil of eucalyptus, and salicylic acid cause a contraction of the veins, 
lessen the permeability of their walls, and thereby hinder the passing-out of the white 
cells. This view is rejected, however, by Disselhorst, who observed a dilatation of 
the veins after irrigation of the tissues with quinine, carbolic acid, salicylic acid, and 
mercuric chloride. As there occurs in this case a retardation of the current after a 
transitory acceleration, without an emigration of the leucocytes collected in the periph- 
eral zone; and as, on the other hand, leucocytes from blood-vessels that have been irri- 
gated for an hour with quinine still retain complete vitality (Zberth), Disselhorst is of the 
opinion that the drugs mentioned so change the inflamed vessel-wall that an adhesion of 
the leucocytes rolling along the wall either cannot occur at all or only with difficulty. 

It is very probable that a lesion of the vessel-wall is not absolutely necessary for 
the emigration of leucocytes (Thoma). Since vasomotor disturbances of the circulation 
can produce migration (von Recklinghausen. Thoma), it is probable that all of the con- 
ditions necessary for this process are furnished by a slowing of the blood-stream with 
peripheral disposition of the colorless corpuscles and the ability of the leucocytes to 
perform amwboid movements and to adhere to the vessel-walls. It is possible that 
differences in the water-content of the tissues (7’homa) also exert some influence, since 
an increased amount of water causes increased amaboid movement. It is also possible 
that the presence, in the tissue-fluids, of substances having active chemotactic proper- 
ties may cause emigration of those leucocytes in the peripheral zone which ere adherent 
to the vessel-wall. 

According to the investigations of Arnold, Thoma, and Engelmann, there is present 
between the edges of the endothelial cells a soft cement-substance which suffers a change 
in the circulatory disturbance associated with cell-migration. This change may some- 
times, but not always (Lowit), be recognized, on histological examination, in the form 
of numerous circumscribed widenings of these intercellular areas (Engelmann). If leu- 
cocytes pass through these places in great numbers the cement-substance becomes still 
more permeable, and may then permit red cells also to pass through in rapid succession 
(Thoma). 

Wandering cells are found normally in many tissues (ron Recklinghausen), and 
wander from these partly into the lymph-vessels (Hering, Thoma), and under certain 
conditions also into the blood-vessels (Bubnoff, Schulin, Rancier, Senftleben), or onto the 
surface of the mucous membranes, where they penetrate between the epithelial cells. 
They are found constantly in large numbers about the nodes of lymphadenoid tissue 
in the mucous membranes, and wander from these through the epithelium onto the 
surface. According toobservations by Aunkel and Stebel, small numbers also reach the 
free surface of the alveoli of the lungs. 


320 INFLAMMATION. 


The inflammatory disturbances of circulation and the formation of exudates may 
be most easily followed in the transparent membranes of cold-blooded animals, particu- 
larly in the mesentery, or the extended tongue or the spread-out web of the frog. In 
the frog’s mesentery, which has been spread out on a suitable glass plate, circulatory 
disturbances and inflammation develop simply through exposure to the air and the 
resulting evaporation; in the case of the tongue and web, it is necessary to cauterize in 
order to produce an inflammation. By the employment of suitable apparatus the cir- 
culation of the blood and the formation of the inflammatory exudate may also be ob- 
served under the microscope in the thin membranes of mammals (mesentery of rabbit, 
wing-membrane of bat), and observations thus made harmonize wholly with those made 
upon the frog. 


Literature. 
(Inflammation. ) 


Aufrecht: Ueber Entzündung, Pathol. Mittheilungen, i., Magdeburg, 1881. 

Brault: Etude sur l’inflammation, Paris, 1888. 

Cohnheim: Ueber Entzündung und Eiterung. Virch. Arch., 40 Bd., 1876; Neue 
Untersuchungen über Entzündung, Berlin, 1878; Noch einmal die Keratitis. 
Virch. Arch., 61 Bd., 1874; Vorles. über allg. Pathologie, Leipzig, 1882. 

Cornil et Ranvier: Man. d’histol. patholog., i., Paris, 1901. 

Councilman: Intlammation. Ref. Handb. of Med. Sciences, 2d ed., 1902. 

Franke: Dic menschliche Zelle, Leipzig, 1891. 

Grawitz: Atlas der pathol. Gewebelehre, Berlin, 1898. 

Hektoen: Old and Modern Theories of Inflammation. Phil. Med. Jour., 1893. 

Henle: Handb. d. ration. Pathologie, Braunschweig, 1844 

Janowski: Die Ursachen der Eiterung. Beitr. v. Ziegler, xv., 1894. 

Landerer: Zur Lehre von der Entzündung. Volkmann’s Samm. kl. Vortr., No. 259, 
1885; Die Gewebsspannung, Leipzig, 1884. 

Leber: Die Entstehung der Entzündung, Leipzig, 1891. 

Letulle: I,’Inflammation, Paris, 1898. 

Löwit: Entstehung des Lungenödems. Beitr. v. Ziegler, xiv., 1894. 

Lubarsch: Entzündung. Ergebn. d. allg. Path., iii., 1897; Deut. med. Woch., 1898. 

Metschnikoff: Lec. sur la pathologie comparée de l’inflammation, Paris, 1892. 

Neumann: Ucber den Entztindungsbegriff. Beitr. v. Ziegler, v., 1889. 

Ponfick: Die Entwickelung der Entzündungslehre im. 19. Jahr. Berl. klin. Woch., 
1900. 

v. Recklinghausen: Handb. d. allg. Path. d. Kreislaufs u. d. Ernährung, Stuttgart, 
1883. 

Rokitansky: Lehrb. d. path. Anatomie, Wien, 1855. 

Roser, K.: Entzündung und Heilung, Leipzig, 1886. 

Ribbert: Das pathologische Gewebswachsthum, Leipzig, 1896. 

Samuel: Der Entzündungsprocess, 1873; Entzündungsherd und Entzündungshof. 
Virch. Arch., 121 Bd.; Ueber aniimische, hyperämische u. neurotische Entzündung. 
Ib., 121 Bd.; Die Selbstheilung der Entzündungen und ihre Grenzen. Ib., 126 
Bd., 1891. 

Thoma: Ueber die Entzündung. Berl. klin. Woch., 1886; Pathol. Anat., i., 1894. 

Virchow: Cellularpathologie u. Handb. d. spec. Path., i., 1854; Die Rolle der Gefässe 
und des Parenchyms bei der Entzündung. Virch. Arch., 149 Bd., 1897. 

Weiss: Beiträge zur Entzündungslehre, Wien, 1893. 

Woronin: Untersuchungen über die Entzündung, Moskau, 1897. 

Ziegler: Historisches u. Kritisches über die Lehre von der Entzündung. Beitr. v. 
Ziegler, xii., 1892: Entzündung. Eulenburg’s Realencyklop., vii., 1895; Inflam- 
mation, Twentieth Century Practice of Medicine, xvi., New York, 1899. 


(Migration of Leucocytes, and Inflammatory Exudation. ) 


Appert: Der Einfluss des Chinins auf die Auswanderung der weissen Blutkörperchen 
bei der Entzündung. Virch. Arch., 71 Bd., 1877. 

Arnold: Ucber Diapedese. Virch. Arch., 58 Bd., 1873; Verhalten der Blutgefässe 
bei der Emigration weisser Blutkörper. Ib., 62 Bd., 1875; Ueber die Kittsubstanz 
der Endothelien. Ib., 66 Bd., 1876; Saftbahnen des Bindegewebes. Ib., 68 Bd.. 
1876. 

Binz: Der Antheil des Sauerstoffes an der Eiterbildung. Virch. Arch., 59 Bd., 1874, 
and 73 Bd., 1878; Verhalten der Auswanderung farbloser Blutzellen zum Jodo- 


INFLAMMATORY EXUDATION. 321 


form. Ib., 89 Bd., 1882; Zur Salicylsäure- und Chininwirkung. Arch. f. exp. 
Path., vii., 1877; Ueber einige Wirkungen ätherischer Oele. Ib., viii., 1877, 
Borisow: Chemotakt. Wirkung versch. Subst. Beitr. v. Ziegler, xvi., 1894. 
Bunzel: Einfluss d. vasomotor.. Nerven auf die Entzündung. Arch. f. exp. Path., 87 
., 1896. | 

Cohnheim: L. c., Untersuchungen über die embolischen Processe, Berlin, 1872. 

Dekhuyzen: Ueber Emigration v. Leukocyten. Verh. d. Anat. Ges., Jena, 1891. 

Disselhorst: Emigration farbloser Zellen aus dem Blute. Virch. Arch., 118 Bd., 1888. 

Engelmann: Verh. d. Blutgefässendothels bei Auswanderung farbl. Blutkörp. Beitr. 
v. Ziegler, xiii., 1898. 

Goecke: Exper. Entzündung der Hornhaut. Beitr. v. Ziegler, xx., 1896. 

Hauser: Entsteh. d. fibrinösen Exsudates bei d. croupösen Pneumonie. Beitr. v. 
Ziegler, xv., 1894. 

Heidenhain: Ueber Lymphbildung. Verh. d. X. internat. med. Congr., ii., Berlin, 
1891; Histologie u. Physiologie d. Dünndarmschleimhaut. Arch. f.d. ges. Phys., 
43 Bi Suppl.-Heft, 1888; Versuche u. Fragen zur Lehre v. d. Lymphbildung. Ib. 
49 Bd., 1891. 

Heller: Ueber die feineren Vorgänge bei der Entzündung, Erlangen, 1869. 

Hoffmann, F. A.: Eiweissgehalt der Ascitesflüssigkeiten. Virch. Arch., 78 Bd., 1879. 

Hoppe-Seyler: Ueber seröse Transsudate. Virch. Arch., 9 Bd., 1856. 

Klemensiewicz: Fundamentalversuche über Transsudation, Graz, 1888; Entzündung 
u. Eiterung. Festschr. f. Rollet., Jena, 1898. 

Kronacher: Die Aetiologie u. d. Wesen der acuten eiterigen Entzündung, Jena, 1891. 

Lassar: Ueber Oedem u. Lymphstrom bei der Entzündung. Virch. Arch., 69 Bd., 
1877. 

Lavdowski: Auswanderung farbloser Blutelemente. Virch. Arch., 96 Bd.; Die Aus- 
wanderung d. Leukocyten u. die Frage nach dem Schicksale derselben. Ib., 97 Bd., 
1884, 

Löwit: Bezieh. d. Blutgefässendothels zur Emigration. Beitr. v. Ziegler, xvi., 1894. 

Maximow: Thermoelektrische Messung von Entzündungsherden. Wiener med. 
Jahrb., 1886. 

Middeldorpf u. Goldmann: Exp. Untersuchungen üb. Croup u. Diphtherie, Jena, 


v. Recklinghausen: Das Lymphgefässsystem. Stricker’s Handb. d. Gewebelehre; 
Ueber Eiter und Eiterkörperchen. Virch. Arch., 28 Bd., 1863. 

Ribbert: Zur Anatomie der Lungenentzändung. Fortschr. d. Med., xii., 1894. 

Schklarewski: Zur Extravasation der weissen Blutkörperchen. Pflüger’s Arch., i., 
1869. 

‘ Schumacher: Pharmakol. Studien über die Auswanderung der farblosen Blutkörper- 
chen. Arb. a. d. pharmakol. Institut zu Dorpat, x., 1894. 

Senftleben: Verschluss d. Blutgefässe nach d. Unterbindung. Virch. Arch., 77 Bd., 
1879. 

Siebel: Ueb. d. Schicksal v. Fremdkörpern in d. Blutbahn. Virch. Arch., 104 Bd., 
1886 


Stöhr: Ueber Mandeln u. Balgdrüsen. Virch. Arch., 97 Bd., 1884. 

Thoma: Entzündl. Störungen d. Capillarkreislaufs bei Warmblütern. Virch. Arch., 
74 Bd., 1878; Die Ceberwanderung farbloser Blutkörper v. d. Blut- in d. Lymph- 
gefiisssystem, Heidelberg, 1873. 

See also SS 91-94. 


8 91. The cellular and fluid erudates secreted by the vessels collect first 
in the immediate neighborhood of the vessels (Fig. 180), but soon spread 
out in the vicinity, mass themselves in the lymph-spaces of the tissue, and 
thus form a tissue-infiltrate (Figs. 181, e; 182, b; 185, p). When the 
exudate is very abundant it may spread into and infiltrate the neighbor- 
ing sound tissue that has not been injured by the inflammatory irritant. 
This infiltration may be so marked that new disturbances of circulation 
and nutrition may be produced, and the area of tissue-degeneration and 
inflammatory exudation becomes increased in extent. 

The erudate present in a tissue may be in part absorbed by the tissue- 
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tissues immediately about it the prefixes “peri” and “para” are placed 
before the Greek names with the termination “itis.” Thus, for example, 
are formed the words perimetritis, parametritis, periproctitis, perityph- 
litis, paranephritis, and perihepatitis. 

For certain forms of inflammation especial names are used, as, for 
example, inflammation of the lungs is called pneumonia, and inflamma- 
tion of the palate and tonsils, angina. 


Since Cohnheim taught that the migration of leucocytes en masse is an important 
feature of inflammation and serves as a source for the cells in the exudate, the ques- 
tion of the origin of the cells present in the exudate of acute inflammations has been 
many times the subject of discussion. While some have regarded all the cells in the 
exudate as extravasated leucocytes, others have held that the leucocytes arising from 
the blood-stream form only an unessential element, and that the main part of the cells 
in the exudate have arisen on the spot from the tissue “irritated” by the cause of the 
inflammation. 

Stricker held the opinion that the swelling and hardening of the tissues in inflamma- 
tion are not caused by the collection of exudate, but by the swelling of the cell-reticulum 
which was thought to traverse the tissues; and that these changes represent a phenome- 
non of growth of the cells and their processes which is characterized by swelling. The 
cellular exudate—that is, pus—he accounts for partly through the segmentation and 
division of the cell-reticulum swollen by the inflammation, and partly through a trans- 
formation of connective-tissue fibrille into pus-corpuscles. Heitzmann regarded the 
inflammatory tissue-changes asa reversion of the tissue to the embryonal condition, and 
believed that the living material is not contained in the cells alone, but infiltrates the 
entire ground-substance, and increases, in the progress of an inflammation, with the 
liquefaction of the ground-substance. Connective-tissue cartilage and bone become 
resolved during inflammation into those elements from which they are formed—i.e., 
into cells—which then immediately reproduce their kind. Grazitz believes that both 
the cellular infiltrate and pus are formed without any participation of the leucocytes 
worth mentioning. Everywhere in the tissue, according to his view, there lie concealed 
in great numbers cells, which he designates slumber-cells, and which are not affected 
by our nuclear stains and therefore not recognizable (according to him, only from five 
to ten per cent. of the tissue-cells are known to us); these cells awake in inflammation, 
and again come into sight—that is, increase in size, stain with nuclear stains, and there- 
fore again become recognizable. 

According to the results of an unprejudiced and careful examination of inflamed 
tissues, there can be no doubt that the description of the origin of the inflammatory in- 
filtrate given by Stricker, Hettzmann, Gravitz, and their pupils, does not correspond to 
the conditions as they actually exist. The cells which lie in recently inflamed tissue 
consist in part of leucocytes which have wandered from the vessels and in part of 
tissue-cells which are more or less degenerated, and are often separated from the under- 
lying tissues, Later, to these there are added newly formed cells which have arisen 
through the division of pre éxisting tissue-cells. 
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horny layer of the epidermis with the liquefaction of the soft layers of 
epithelium lead to the formation of vesicles and blisters with clear con- 
tents (Fig. 183, d, f). 

When the exudation of fluid on the surface of a mucous membrane is 
associated with a marked mucoid degeneration of the superficial epithe- 
lium (Fig. 185, b, c, c,), and of the mucous glands (7), there arises a 





Fic. 187.—Catarrhal secretion of different mucous membranes. A, Secretion from mucous membranes 
with columnar cells; B, from the mouth; C, from the bladder. 1, Round cells (pus-cells); 2, large round 
cells with bright nuclei, from the nose ; 3, mucoid columnar cells from the nose; 4, spirillum from the nose; 
5, mucoid cells with cilia, from the nose; 6, goblet-cells from the trachea; 7, round-cells with spherules of 
mucus from the nose; 8, epithelial cells containing pus-corpusc les. from the nose; 9, fatty cells; 10, cells 
containing coal- ent, from the sputum; 11 and 12, squamous epithelium from the mouth; 13, mucoid’ 
pus-co les: 14, micrococci ; 15, bacteria; 16, leptothrir buccalis; 17, spirochaete denticola ; 18, super- 
ficial, 19, middle layer of bladder epithelium; 2U, pus-corpuscles; 21, schizomycetes. X 400. 


mucous catarrh (d, f, f,g). If a marked desquamation of the epithe- 
lium, with or without a mucoid change, occurs (Fig. 186, a), the condi- 
tion is termed a desquamative catarrh ; and such a process may occur 
not only on mucous membranes, but also in the respiratory parenchyma 
of the lungs, on serous surfaces (Fig. 180, f, f.), in the kidney-tubules, 
etc. If many pus-corpuscles are present in the exudate it may be spoken 
of as a desquamative purulent (Fig. 186, a), or finally as a pure puru- 
lent catarrh, in which condition the exudate becomes white or yellow- 
ish-white, milky or creamy. 

The form and character of the cells of a catarrhal secretion vary with 
the location and the variety of catarrh (Fig. 187). Bacteria are often 
present in the cells of the exudate (Fig. 187, 4, 74, 15, 16, 17, 21). 

If ina fluid exudate there occurs a deposition of fibrin or coagula- 
tion, there are formed fibrinous and serofibrinous exudates, which are 
often designated as croupous. These occur chiefly upon the surface of 
serous and mucous membranes, and in the lungs; but masses of fibrin 
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may be formed in tissues infiltrated with exudate, as well as in lymph- 
vessels. : 

On the mucous membranes the fibrinous exudates form whitish 
patches and coherent membranes, which sometimes lie upon them only 
loosely, but at other times are firmly 
attached to the underlying surface. 
In the serous cavities the fibrinous 
coagula float in the form of flakes in 
the tluid portion of the exudate, or 
form a firmly attached deposit upon 
the surface of the membranes. Such 
deposits consist at times only of thin, 
attached films or granules which 
give to the wiped-off surface a 
cloudy, lustreless, rough, or granu- 
lar appearance; at other times of 
larger yellowish or yellowish-red, 
firm membranes, which often give 
to the surface a felted or villous 
appearance (cor villosum). In the 
lung, croupous inflammation leads 
to a filling of the alveoli with a 
coagulated mass, in consequence of 
which the lung acquires a firm con- 
sistence. 

On mucous surfaces the formation 

FIG. 188.—Acute hemorrhagic Abrinous in of croupous membranes takes place 
gummi of toe trachea. cared br west when the epithelium ie already. des- 
a, Superficial laver of the connective issue of quamated and the connective tissue, 
at least in part, is exposed; but tis- 
eplthelia cel dumorehugie deca xu. SUeS covered with epithelium may 
gar dating. tal Tale also become the seat of fibrinons de- 
ules. 300. posits extending from denuded areas. 

The desquamation of the epithelium, 
in such a case, may follow gradually, or at other times more rapidly 
through the lifting up of whole layers of epithelium (Fig. 188, 8), 
which are either well 
preserved or already 
degenerated or necro- 
tic, and infiltrated with 
exudate (Fig. 190, a). 

The exudation of 
fibrin. may begin un- 
derneath the raised- 
up epithelium with the 
formation of fine 
needle-like forms re- 
sembling crystals (Fig. 


188, d), which are ar- Fig. 189.—Crouy non 1 membrane from ‘the trachea. 

ranged rad about !hrough membrane; b, uppermost layer of the mucosa “ionttrated 
u a with puscorpuseles (A): ©, Abrin threads and granules; d, pus-cor 

a centre, in which at — puseles. x 


times there ] small 
body. probably a product of the disintegration of a red corpugele, or a 
blood- -plate. Very soon there form thicker or thinner threads (Figs. 
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writers who have expressed opinions upon this subject that the deposits are exuda- 
tive fibrin. The illustrations which Neumann has presented in his work are in no man- 
ner confirmatory of his view, but enable us rather to affirm that Newmann had before 
him in his preparations exudative fibrin. In very severe inflammations fibrin may 
indeed be precipitated in the connective tissue of the serous membranes; and, when 
treated with stains, may occasion a peculiar staining of the tissue, but in such a case 
we have to deal with a deposit of exudative fibrin, and not with a fibrinoid degenera- 
tion of connective-tissue fibres. 
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g)—the process leads to a superficial loss of substance—an ulcer. The 
formation, through suppuration, of duct-like cavities gives rise to fis- 
tulous tracts. 

The dissolution of the tissues, which is designated as suppuration, is 
possible only under the condition that they die. This tissue-necrosis is 
usually present before the occurrence of suppuration, and is caused by 
the specific action of the agent exciting the inflammation. The tissue 
may, however, die only during the course of inflammatory infiltration 
and then liquefy. 

If an accumulation of pus-corpuscles is associated with an abundant 
collection of fluid, the exudate is spoken of as seropurulent ; and such 
an exudate, when infiltrating the tissues, is often designated purulent 
edema. The rapid spread of a purulent or seropurulent inflammation 
over wide areas—for example, through extensive areas of subcutaneous 
or submucosal tissues—is known as phlegmon (Fig. 200, ce, d). This 
leads very often to the formation of extensive pus-cavities, in which 
there lie shreds of disintegrating tissue infiltrated with pus. 

The association of serous exudation and fibrin precipitation with sup- 
puration leads to the formation of fibrinopurulent exudates (Fig. 194, 
d, e); and effusions into the body-cavities, and meningeal exudates, as 
well as croupous exudates on mucous surfaces and in the lungs, and also 
phlegmons may bear this character. It is to be noted, however, that 
with the increase of suppuration the formation of fibrin becomes de- 
creased, and the masses of coagula already present dissolve. The fibrin- 
masses infiltrated with pus are white and easily torn. 

Suppurations and the associated formation of abscesses and ulcers are 
in the majority of cases caused by bacteria, most frequently by the 
Staphylococcus pyogenes aureus, Streptococcus pyogenes, and the Gonococcus ; 





cu; 190. Suppuration and neervats of the mucosa of the lange inteating in dysentery (Müller's ful 
ma 






but suppurations due to Actinomyces, Bacillus typhi abdominalis, Diplocorens 
pneumonia, or the Bacterium coli commune, are not rare, The staphylo- 
eoeei generally produce localized inflammations; streptococci, on the 
other hand, phlegmonous. The presence of certain bacteria (Bacillus 
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$94. As was explained in § 93, suppurative inflammation always 
leads to tissue-necrosis ; but this necrosis is immediately lost sight of in the 
presence of the liquefaction and dissolution of the tissues which form 
the characteristic feature of suppuration. In other forms of action upon 
the tissues, there may occur a more extensive tissue-necrosis, recogniz- 
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Necrosis of the epithelium of the fluid, hwmatoxyliny. a, Living epi- 
li» uevrotie wpithellum with nuclei not staining: €, leuevestes lying in 


inflamed, and inilitrated connective tissue. X 300, 





able even to the unaided eye, which is not followed by suppuration, but 
on the other hand is characterized by the fact that the necrotic portions 
of the tissue remain unchanged for a long time, and only relatively late 
are removed through sequestration and sloughing or through absorption. 
Since the tissue-necrosis in such a case forms the chief feature, the eon- 
dition may be appropriately designated a necrotic inflammation. 

The tissue-necrosis associated with inflammation may be caused by 
stie chemicals, high or low temperatures, and ischemia, as well as 
nfection (typhoid fever, diphtheria, and dysentery ). 

Caustic chemicals cause ue-neer in the first place in those tis- 
sues with which they first come into contact ; but many substances (mer- 
curi¢ chloride, the salts of chromic acid, cantharidin) may cause necrosis 
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only after their diffusion throughout the body in the blood and lymph. 
Such necrosis t 





kes place particularly in the kidneys, the descending 
nd in the intestines, where the substances causing the 

‘ 'eted. — Bacte produce necrosis at the points where 
they multiply, and where the poisonous substances formed by them are 
collected in greater quantity. 



















340 INFLAMMATION, 


served particularly often in the intestine (Fig. 202), but occurs also in 
other mucous membranes, as in those of the vagina, the descending uri- 
nary passages, and the region of the throat, where the tonsils are espe- 
cially frequently affected, ete. The necrotic tissue forms white, or 
gra, -white, or, through the admixture of blood or bile or other in 
purities, dark green, yellow, brown, or otherwise colored sloughs, which 
are surrounded by reddened and inflamed tissue. If some time has 
already elapsed since its formation, and if a liquefaction of the tissue at 
the boundary between the living and dead tissues has occurred, with a 
ion of the latter, the neerosed parts form loosely attached or 
free deposits lying on the surface of the membrane, these con- 
sisting at times only of small flakes, 
at other times of larger sloughs, 

Diphtheritis of mucous membranes 
may be associated with eroupous de- 
posits (Fig. 203, ¢, d), so that the 
tissue-necrosis (d) may be covered 
over with fibrin (e). 

Wound-granulations may also ne- 
erose in the same way as do inflamed 
mucous membranes; such a condi- 
tion may therefore be called wound- 
= diphtheritis. 

„Eis. 201 Diphtherttie necroais withia a Acute tissue-necroses caused by 
iver tiene nirinatuin, fibrin network infection occur in the case of the 
between the neerotle cells. SI internal organs, chiefly in the lymph- 
glands (Fig. 204), spleen and bone- 
and are characterized by the formation of opaque grayish- 
ellowish, or dirty-gray sloughs. Not infrequently fibrinous 
exudation within the necrotic tissue (Figs. 203, d; 204). 

In the nec ‘auused by tuberculosis the destruction of the tissue 
occurs gradually, and bears the character of a caseation. 

When an inflammat focus contains baeteria which excite putrid 
decomposition of albuminoid bodies, the inflammation may take on the 
character of a putrid gangrene ; and the tissue may disintegrate into a 
dirty gray or black, tinder-like mass which gradually dissolves and gives 
off an extremely disagreeable odor, Gas-bubbles are also sometimes 
developed in the focus. 























marrow, 














Literature. 
(Neerotie Inflammation.) 


Basch: Anat, u. klin. Untersuchungen über Diphtherie. Virch. 
Cornil: Anat. pathol. des ulecrations intest, dans la dysenté 



























INS}. 
Hartmann: Exper. Untersuchungen über Chromsiurenephritis. 
barg, 1801 
Hoffmann: Unters. über. d. pathol.-anat, Veränd. der Organe bei Abdominalty phus, 
1869. 
v. Kahlden Die Actiologie u. Genese der acuten Nephritis. Beitr. v. Ziegler, xh, 
Tso. 
Kaufmann. Die Subiin: Vireb. Arch.. 117 Ba... 1889. 
Kelsch: Contribs di "Arch. de y v.. 1873. 
Lesser: Die anat. V ales durch Actzgifte. Yirch. Arch., 8 
Bd 1881 . 


Letulle «! Vaquez: Empoisonnement par Vacide chlorhydrique. Arch. de phys, i, 
18880. 


THE PROCESSES OF HEALING. 341 


Marchand: Darmveränderungen bei Typhus abdominalis. Cbl. f. allg. Path., i., 
1890. 


Matzenauer: Hospitalbrand. Arch. f. Derm., 55 Bd., 1901. 
Neuberger: Drug des Sublimats auf die Nieren. Beitr. v. Ziegler, vi., 1889. 
See also §§ 90-98 


Il. The Termination of Acute Inflammation in Healing. 


§ 95. Should there occur in any tissue whatsoever an acute inflamma- 
tion, sooner or later there always arise processes which have in aim the 
removal of the changes established and a restoration of the degenerated 
tissue, and which may therefore be regarded as processes of repair. If 
the cause which excited the inflammation is no longer present, these 
processes consist essentially in the cessation of the pathological exudation 
and its replacement by the normal vascular secretion, the removal or absorp- 
tion of the exudate present and of the necrotic tissue, and the restoration of the 
destroyed tissue. If the exciting cause of the inflammation is still present in 
the tissue and active, it must be removed or rendered inert. 

The cessation of the alteration of the vessel-walls is brought about 
through the restoration of the normal blood-supply to the damaged blood- 
vessels, so that the nutrition of the vessels again becomes normal. If the 
alteration was slight, and if the exciting cause of the inflammation had 
acted only for a short time—if it is the case, for example, only of the 
brief action of a trauma, or high temperature, or chemical substance, that 
was quickly removed—the restoration of the vessels may take place in a 
very short time, i.e., ina time that may be measured in minutes and hours. 

When the exciting cause of the inflammation acts for some length of 
time—as, for example, in the case of bacteria which live and multiply in 
the tissues, or’if changes are brought about through the inflammation 
itself, which act in such a manner as to alter the vessels—if there has 
been, for example, a tissue-necrosis—the vessels are subjected for some 
time to a continued harmful action, which hinders the complete restora- 
tion of their functions. 

The absorption of the exudate occurs in many cases easily and 
quickly, in that it is taken up by the lymph-stream, eventually ciso by 
the blood. This takes place most quickly in the case of serous exudates, 
yet in many places fibrinous exudates may also be quite rapidly removed, 
but this occurs only when the coagula soon liquefy. Firmer fibrinous 
exudates, such as are formed especially upon the serous membranes, and 
also large collections of pus usually offer considerable resistance to ab- 
sorption and are the cause of the prolonged course of the inflammation, 
although the character of this may become changed from what it was in 
the beginning. In very many cases absorption is accomplished by the 
simultaneous substitution, for the exudate, of embryonic tissue which 
later becomes changed into connective tissue. 

The sequestration and absorption of necrosed tissue, with the ex- 
ception of the casting-off of dead epithelium, which may be very quickly 
accomplished, always require a certain length of time, which varies 
according to the nature, situation, and extent of the necrosed tissue. In 
general, the inflammation persists as long as necrotic tissue is still pres- 
ent. Superficial necrosed tissues may be cast off after sequestration—that 1s, 
after the separation of the dead from the living tissues. In the case of 
deep-seated tiSsue-necroses in which the tissue does not soon undergo 
total liquefaction, absorption is usually slow, and is brought about 
through a gradual substitution of living tissue for the dead. 
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The regeneration of the degenerated tissue is dependent, for its oc- 
currence, partly upon the degree and extent of the degeneration, partly 
upon the nature of the tissue, and partly upon the mode of action of the 
agent exciting the inflammation. 

If the tissue-cells of the inflamed area are but slightly degenerated, 
they are quickly restored when the nutrition becomes normal. If single 
cells are lost but the organization of the whole is not disturbed, there can 
take place in most tissues a rapid renewal of cells through a regenerative 
growth of the remaining cells. This is true particularly of the different 
forms of connective tissue, the surface epithelium, liver- and kidney-cells, 
while ganglion-cells, bone-cells, cartilage-cells, and heart-muscle cells 
possess but little or no power of regeneration (see Chapter VI.). Ex- 
tensive destruction of tissue with solutions of continuity, wounds, frac- 
tures, suppurations, necrotic inflammations, etc., lead to tissue-prolifer- 
ations, which are indeed sufficient to close the defect, but for the greater 
part do not lead to a restoration of the normal tissue, but to the forma- 
tion of a tissue of a lower grade, which in its earliest stages is known as 
granulation tissue, in its mature form as cicatricial tissue. Of the 
same character is also the tissue which in the course of time is substi- 
tuted for exudates and tissue-necroses that are absorbed with difficulty. 

With the entrance of regenerative proliferation and the formation of 
granulation tissue, there appears in the course of the inflammation a 
phenomenon which later gives to the inflammation an especial charac- 
ter, so that it may be designated a proliferating inflammation. 

The phenomena of proliferation begin in inflamed tissues, at the 
earliest after eight hours, but are usually first clearly recognizable after 
from twenty-four to forty-eight hours. 

In general, they appear the more rapidly the milder the inflamma- 
tion and the more quickly the pathological exudation is overcome or 
diminished. Suppuration, necrosis, and gangrene of the tissues hinder 
proliferation and retard the beginning of repair, or at least confine the 
reparative processes to the neighboring tissues. 

Every tissue capable of proliferation furnishes formative cells for 
tissue of its own kind or for one closely related to it. Pus-corpuseles are 
not formed by the tissue-cells; on the other hand, cells newly developed 
from the tissue-cells by proliferation may become mixed with the exudate, 
degenerate in the same, and die. Thus not all the cells newly developed 
through proliferation fulfil their function of producing new tissue. 

The removal of the exciting cause of inflammation takes place very 
differently in different cases, and depends in the first place upon the 
nature of the cause. Many traumatisms and thermal influences act but 
for ashort time, and have no further influence upon the course of the 
inflammation. Many substances acting chemically may be quickly taken 
up by the tissue-juices and made inert, or excreted, while others remain 
locally active for alonger time. Of the bacteria producing inflammation, 
many soon die, while others live and constantly produce new generations 
which in turn cause new inflammation, often in such a way that in the 
first. diseased focus the inflammation may subside and healing take place, 
while in the neighborhood, or even in more distant regions, metastatic in- 
‚flammations develop. 

On account of the great differences which exist both in the nature and 
the behavior of the exciting cause of the inflammation, as well as in the 
course of the inflammatory tissue-degeneration and the exudation, and in 
the course of the healing processes, it is easy to understand that the whole 
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course of an inflammation, even to its termination in healing, may vary 
greatly in different cases, so that all the possibilities of its course can 
hardly be reviewed. At the same time it is not difficult to comprehend 
the decline of the different forms of inflammation, since ultimately the 
whole process is always made up of the same factors—that is, of tissue- 
degeneration, pathological exudation, and of proliferative processes, the 
last of which are calculated to remove the disturbances caused by the 
first two factors. 


Neumann groups under the term inflammation all those phenomena which develop 
locally after a primary tissue-lesion, and are directed toward the healing of this lesion. 
According to this view, regeneration is, therefore, the most important part of the in- 
flammatory process, in that it is especially adapted to restore the defect of tissue caused 
by the primary tissue-lesion, or, as Neumann puts it, to restore the uninterrupted con- 
tinuity of the tissue. Such an identification of inflammation with regeneration I hold 
as inadmissible, in the first place because tissue-regenerations occur which clinically 
and anatomically in no way bear the character of an inflammatory process. Then also 
the inflammatory pathological exudations cannot be regarded as phenomena that can 
be compared with regeneration, and that like it, have for an end the healing of the 
primary tissue-lesion. Even if they act favorably in individual cases, this is not 
always true. Much more often do they cause serious damage which increases that 
established by the primary tissue-lesion, and often enough form a hindrance to the 
rapid entrance of the healing process. 

In my opinion the tissue-proliferations do not form an essential part of inflamma- 
tion; the inflammation already exists before they are established. Only in the late 
stayes of inflammation do they form a part of the inflammatory process, and represent 
that part of the same which can bring about the healing. It is of no especial signifi- 
cance whether the processes of proliferation be regarded as a part of the later stages of 
inflammation or as a necessary sequela of the inflammatory tissue-degeneration, sepa- 
rated from the inflammation in a narrow sense, and considered under the point of view 
of tissue-repair. 


Ill. The Inflammatory New-formation of Tissue, Substitution of 
Exudates and Tissue-necroses by Connective Tissue. 


§ 96. The inflammatory proliferation of tissue is essentially a 
regenerative process which has for its aim the compensation of the tissue- 
lesions produced by the causes of inflammation. Under especial condi- 
tions it leads not infrequently to a hyperplastic proliferation of connec- 
tive tissue, frustrates its own aim, and causes new damage. This is 
particularly the case when, as the result of the persistence of the cause 
of the inflammation in the organism (chronic infection), or the persistence 
of the residue of the acute inflammation (exudate, abscess, tissue-necro- 
sis), there is kept up a permanent condition of inflammation. 

The inflammatory new-formations of tissue develop in essentially the 
same manner as the regenerative and hyperplastic tissue-proliferations 
described above (§§ 82-87). They are distinguished, however, from the 
simple regenerations by the fact that they are accompanied, at least dur- 
ing a part of their course, by disturbances of circulation and pathological 
exudations, and especially by an emigration of leucocytes, these factors 
exerting a modifying influence upon their course. 

The granulation tissue, which forms in the course of an inflamma- 
tion, is nothing more than an embryonic tissue arising through cell- 
proliferation and infiltrated with leucocytes. Primarily it consists of 
cells and newly formed vessels which at first depend for their support upon 
the ground-substance of the tissue from which they develop, but soon 
form for themselves a new ground-substance. 

The cells of the granulation tissue are partly proliferated tissue- 
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cells (Fig. 205, b, c, d), and partly mono- and polynuclear leucocytes 
(aa,). In the majority of cases the proliferated cells are connective- 
tissue cells, which later produce connective tissue (Fig. 205, d, e) and 





Fıa. 25.—Isolated cells from a wound-granulation (Müller's fluid, plerocarmine). a, Mononuclear, 
a, polynuclear leucocytes; D, different forms of mononuclear formative cella: c, formative cell with two 
nuclel; e,, multinuclear formative cell: d, formative cells in the stage of conneciive-tissue f Die 
fully developed connective tissue. x 500. 


are, therefore, known as fibroblasts. Granulation tissue may contain 
also the offspring of other tissue—for example, of periosteal tissue, mar- 
row tissue, muscle tissue, or osteoblasts, chondroblasts, aud sarcoblusts, 
which are able to form bone, cartilage, and muscle tissue. There may 
- also be found in the granulation tissue developing within glands newly 
formed glanduar epithelium, and in that developing in or upon mucous 
membranes or the integument, also newly formed covering epithelium ; and 
hese are able to produce epithelial tissue-formations. The formative cells of 
granulation tissue may move away from the place of their origin, and are 
thus in a certain sense wandering cells. In the formation of connective 
tissue they take on the most varied shapes 
(Fig. 205, c, d, e). At times they form 
also polynuclear cells (¢,). They are 
characterized by large, bright, oval nu- 
clei, which do not stain very deeply with 
nuclear stains, and are therefore dis- 
tinguished from the nuclei of leucocytes 
which stain very intensely. The forma- 
tive cells of the connective tissue are 
AU Arsen ofblood-vemse often termed epithelioid cells on account 
after ‘painting {ihe skin ‘of a ‘wbbit win Of their resemblance to epithelial cells. 
titrant. a."niothellal eis wann __‘The leucocytes of granulation tissue 
toses he by, Mucorytes, 7 30. are cells which have wandered from the 
blood-vessels, and from their presence it 
may be concluded that the inflammatory exudation from the vessels still 
continues, Their number may in general be regarded as an index of 
the degree of the still existing inflammation complicating the recovery. 
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The blood-vessels of granulation tissue develop by offshoots from 
old vessels (see Fig. 160), which very soon, indeed at the time in which 
the of leucocytes occurs (Fig. 206, b, b,) give evidence of pro- 
liferative processes (a); and in the formation of ‘granulation tissue they 
take on a very active growth. The young embryonic tissue is conse- 
quently very richly Ba with vessels, which give to it a red appear- 
ance. At the time of the transformation of granulation tissue into 
connective tissue or scar tissue, 
an obliteration of the vessels ov- 
curs, and the cicatrix conse- 
quently beeomes pale, 

If upon any part of the body- 
surface there oecurs an open 
wound, which does not become 
infected with bacteria or seri- 
ously injured in any way, the ~ 

and base of the wound 
after twenty-four hours become 
deep-red and somewhat swollen. 
The individual constituents of 
the tissne can still be clearly 
recognized, only the tissue ap- 
pears somewhat swollen, and 
here and there small shreds of 


effaced, and the color becomes 
ish-red, On the wound 
there lies a reddish-yellow fluid. 
From the second day on there 
appear over the whole wound 
small red papules, which rap- 
idly inerease in number and ‘ound-grant from an open wound 
size, become confluent, and after {i Sys eh 
two to three days form a granu- blood-vesels. x 185, 
lar red surface—a granulation 
surface. This is covered with a more or less abundant wound-seere- 
tion, which forms a gray, gelatinous layer, later becoming more yel- 
low and creamy. This layer consists of a coagulable exudate rich in 
albumin and numerous round cells which usually possess lobulated or 
Pigmented nuelei and are designated pus-corpuscles, and which, being in- 
capable of further development, undergo disintegration. 
The changes which the surface of the wound shows are in the first 
ples dependent upon the local hyperemia and the infiltration of the 
tissue with cellular and fluid exudate, and upon the swelling and lique- 
faction of the tissue; after this time there is added thereto a tissue-pro- 
liferation with new-formation of vessels, leading to the development of 
After a few days there will have developed in 
a granulation tissue (Fig. 207, a) consisting of fibroblasts and leuco- 


the wound: 
and rich in wide vessels (c), and in which there very soon appears a 
r gre . The leucocytes, which belong chiefly to the 
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polynuclear form, are found in all the layers of the skin in fresh granula- 
tions, but heap themselves particularly in the superficial strata, and, 
embedded in fibrin, cover over the surface of the granulation tissue (6). 

The freshly formed fibroblasts are round cells; later there develop 
cells partly club-shaped, partly spindle-shaped, partly with many 
branched processes (Fig. 205, 5, c, d), which in various ways unite the 
cells. At the same time the number of the large formative cells in- 
creases, so that they finally surpass the small round cells in number, and 
in places come to lie closely together. When their number has reached 
a certain point, the development of connective tissue begins—i.e., the 
formation of the fibrillar intercellular substance (Figs. 205, d, e; 207, a) 
— which is completed in the manner described in $ 84. When a certain 
degree of fibrilla-formation has been reached the process comes to a 
standstill, the remains of the fibroblasts with their nuclei remain as fixed 
connective-tissue cells (Fig. 205, e), continue to live, and attach them- 
selves to the surface of the bundles of fibrille. The process has then 
reached its termination—the granulation tissue has become scar tissue. 

In open wounds of the skin, when infection does not disturb the 
course of healing, the formation of granulation tissue lasts until the 
wound is again covered with epithelium. The regeneration of the latter 
proceeds from the edges, the epithelium gradually pushing itself over the 
granulations. With the formation of connective tissue the reproductive 
processes essentially terminate, but transformation processes continue in 
the cicatricial tissue for some length of time. Shortly after its formation 
the cicatrix is rich in blood and appears red; later it loses a portion of 
its vessels through their obliteration, becomes pale, and contracts to a 
volume much less than the original. Large scars of the skin show per- 
manently a smooth surface, since the papillary bodies are not again 
formed or only imperfectly (Fig. 209, e). The tissue of the scar remains 
for several months abnormally rich in cells, but in the course of time 
becomes poorer in cells and harder, and comes to contain elastic fibres. 

When the healing of a wound occurs in such a manner that the tissue- 
defect is closed by the formation of a granulation tissue visible to the 
naked eye, the process is designated repair by second intention ( per secun- 
dam intentionem). 

The healing of incised wounds of the skin, whose edges, united by 
sutures, grow together by first intention, takes place in essentially the same 
manner as the healing of an open wound by second intention; but the 
processes of inflammation, proliferation, and new-formation of tissue are 
less prominent, partly because they take place below the skin, and partly 
because they are of much less extent and intensity. 

The result of such a cut is always a more or less abundant exudation 
on the surfaces of the wound, forming a coagulated mass often contain- 
ing blood (Fig. 208, c), which glues together the opposing wound-sur- 
faces. Very soon there arises an inflammatory infiltration of the edges 
of the wound, which varies greatly in different cases, and when the course 
of repair is aseptic never reaches any significant degree (g, h), attaining 
Its maximum in from two to four days, diminishing from the fifth to the 
seventh day, and completely disappearing at or soon after the end of 
the second week. The inflammatory infiltration is usually greater in the 
neighborhood of the wound-sutures than at the edges of the wound. 

As early as the second day regenerative processes of proliferation 
begin in the connective tissue and in the vessels, and lead, in the course 
of several days, to the formation of an embryonic tissue, which lies partly 
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tion of blood-vessels, and in the course of days or of weeks there is 
developed uj the surface‘a vascular embryonic tissue or granulation 
tissue, wl when the overlying fibrin layer is very compact, lifts this 
up in toto (Fig. 211, 
Br ce); but, in the case 





ulation 
I Bee: 


opment of sear-| Ense 

the mel (endothelium) of the serous membranes takes no part, 

since it produces no fibroblasts. On the other hand, the products of 

the inflammatory proliferation become covered later with epithelium. 

‘The final reais of the process is the formation of connective tissue, 

which leads either to a thickening of the serosa which had been covered 
with fibrin, or to an adhe- 
sion of the opposing surfaces 
of the serous membrane, 80 
that the inflammation may 
be designated as adhesive. 
The result in individual 
cases depends partly upon 
the amount of the fibrin 
deposit and partly upon 
the situation of the affect- 
ed organ, and its condition 
during the process of heal- 
ing. 

‘Small deposits of 
fibrin, limited to one sur- 
face of the serous mem- 
brane, lead only to thick- 
enings of the serosa, 

8 which, becoming pale with 

ation gue he pera in the obliteration of the ves- 

‚of fourteen days’ duration (aleo- sels, are represented final- 

ly by white thickenings 

frequently designated as 

tendinous spots. The 

firm glueing together of two serous layers by an abundant deposit of fibrin 
lends also to a firm adhesion of the same through the abundant forma- 
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The regeneration of the degenerated tissue is dependent, for its oc- 
currence, partly upon the degree and extent of the degeneration, partly 
upon the nature of the tissue, and partly upon the mode of action of the 
agent exciting the inflammation. 

If the tissue-cells of the inflamed area are bat slightly degenerated, 
they are quickly restored when the nutrition becomes normal. If single 
cells are lost but the organization of the whole is not disturbed, there can 
take place in most tissues a rapid renewal of cells through a regenerative 
growth of the remaining cells. This is true particularly of the different 
forms of connective tissue, the surface epithelium, liver- and kidney-cells, 
while ganglion-cells, bone-cells, cartilage-cells, and heart-muscle cells 
possess but little or no power of regeneration (see Chapter VI.). Ex- 
tensive destruction of tissue with solutions of continuity, wounds, frac- 
tures, suppurations, necrotic inflammations, etc., lead to tissue-prolifer- 
ations, which are indeed sufficient to close the defect, but for the greater 
part do not lead to a restoration of the normal tissue, but to the forma- 
tion of a tissue of a lower grade, which in its earliest stages is known as 
granulation tissue, in its mature form as cicatricial tissue. Of the 
same character is also the tissue which in the course of time is substi- 
tuted for exudates and tissue-necroses that are absorbed with difficulty. 

With the entrance of regenerative proliferation and the formation of 
granulation tissue, there appears in the course of the inflammation a 
phenomenon which later gives to the inflammation an especial charac- 
ter, so that it may be designated a proliferating inflammation. 

The phenomena of proliferation begin in inflamed tissues, at the 
earliest after eight hours, but are usually first clearly recognizable after 
from twenty-four to forty-eight hours. 

In general, they appear the more rapidly the milder the inflamma- 
tion and the more quickly the pathological exudation is overcome or 
diminished. Suppuration, necrosis, and gangrene of the tissues hinder 
proliferation and retard the beginning of repair, or at least confine the 
reparative processes to the neighboring tissues. 

Every tissue capable of proliferation furnishes formative cells for 
tissue of its own kind or for one closely related to it. Pus-corpuscles are 
not formed by the tissue-cells; on the other hand, cells newly developed 
from the tissue-cells by proliferation may become mixed with the exudate, 
degenerate in the same, and die. Thus not all the cells newly developed 
through proliferation fulfil their function of producing new tissue. 

The removal of the exciting cause of inflammation takes place very 
differently in different cases, and depends in the first place upon the 
nature of the cause. Many traumatisms and thermal influences act but 
for a short time, and have no further influence upon the course of the 
inflammation. Many substances acting chemically may be quickly taken 
up by the tissue-juices and made inert, or excreted, while others remain 
locally active for alonger time. Of the bacteria producing inflammation, 
many soon die, while others live and constantly produce new generations 
which in turn cause new inflammation, often in such a way that in the 
first diseased focus the inflammation may subside and healing take place, 
while in the neighborhood, or even in more distant regions, metastatic in- 
Aammations develop. 

On account of the great differences which exist both in the nature and 
the behavior of the exciting cause of the inflammation, as well as in the 
course of the inflammatory tissue-degeneration and the exudation, and in 
the course of the healing processes, it is easy to understand that the whole 
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course of an inflammation, even to its termination in healing, may vary 
greatly in different cases, so that all the possibilities of its course can 
hardly be reviewed. At the same time it is not difficult to comprehend 
the decline of the different forms of inflammation, since ultimately the 
whole process is always made up of the same factors—that is, of tissue- 
degeneration, pathological exudation, and of proliferative processes, the 
last of which are calculated to remove the disturbances caused by the 
first two factors. 


Neumann groups under the term inflammation all those phenomena which develop 
locally after a primary tissue-lesion, and are directed toward the healing of this lesion. 
According to this view, regeneration is, therefore, the most important part of the in- 
flammatory process, in that it is especially adapted to restore the defect of tissue caused 
by the primary tissue-lesion, or, as Neumann puts it, to restore the uninterrupted con. 
tinuity of the tissue. Such an identification of inflammation with regeneration I hold 
as inadmissible, in the first place because tissue-regenerations occur which clinically 
and anatomically in no way bear the character of an inflammatory process. Then also 
the inflammatory pathological exudations cannot be regarded as phenomena that can 
be compared with regeneration, and that like it, have for an end the healing of the 
primary tissue-lesion. Even if they act favorably in individual cases, this is not 
always true. Much more often do they cause serious damage which increases that 
established by the primary tissue-lesion, and often enough form a hindrance to the 
rapid entrance of the healing process. 

In my opinion the tissue-proliferations do not form an essential part of inflamma- 
tion; the inflammation already exists before they are established. Only in the late 
staves of inflammation do they form a part of the inflammatory process, and represent 
that part of the same which can bring about the healing. It is of no especial signifi- 
cance whether the processes of proliferation be regarded as a part of the later stages of 
inflammation or as a necessary sequela of the inflammatory tissue-degeneration, sepa- 
rated from the inflammation in a narrow sense, and considered under the point of view 
of tissue-repair. 


Il. The Inflammatory New-formation of Tissue, Substitution of 
Exudates and Tissue-necroses by Connective Tissue. 


§ 96. The inflammatory proliferation of tissue is essentially a 
regenerative process which has for its aim the compensation of the tissue- 
lesions produced by the causes of inflammation. Under especial condi- 
tions it leads not infrequently to a hyperplastic proliferation of connec- 
tive tissue, frustrates its own aim, and causes new damage. This is 
particularly the case when, as the result of the persistence of the cause 
of the inflammation in the organism (chronic infection), or the persistence 
of the residue of the acute inflammation (exudate, abscess, tissue-necro- 
sis), there is kept up a permanent condition of inflammation. 

The inflammatory new-formations of tissue develop in essentially the 
same manner as the regenerative and hyperplastic tissue-proliferations 
described above (§§ 82-87). They are distinguished, however, from the 
simple regenerations by the fact that they are accompanied, at least dur- 
ing a part of their course, by disturbances of circulation and pathological 
exudations, and especially by an emigration of leucocytes, these factors 
exerting a modifying influence upon their course. 

The granulation tissue, which forms in the course of an inflamma- 
tion, is nothing more than an embryonic tissue arising through cell- 
proliferation and infiltrated with leucocytes. Primarily it consists of 
cells and newly formed vessels which at first depend for their support upon 
the ground-substance of the tissue from which they develop, but soon 
form for themselves a new ground-substance. 

The cells of the granulation tissue are partly proliferated tissue- 
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cells (Fig. 205, b, c, d), and partly mono- and polynuclear leucocytes 
(aa,). In the majority of cases the proliferated cells are connective- 
tissue cells, which later produce connective tissue (Fig. 205, d, e) and 





Fig. 205.—Isolated cells fren a a Wound-granulatlon (caller's fluid, picrocarmine). a, Mononuclear, 
di, polynuclear leuoooyt; b diferent forms of mononuclear formasive cals: formatire cell with two 
nuclei; multinuclear Tormasive oo ai , 4 formative cells in the stage of connective-tissue formation ; €, 
fully developed connective tissue. 


are, therefore, known as fibroblasts. Granulation tissue may contain 
also the offspring of other tissue—for example, of periosteal tissue, mar- 
row tissue, muscle tissue, or osteoblasts, chondroblasts, and sarcoblasts, 
which are able to form bone, cartilage, and muscle tissue. There may 
- also be found in the granulation tissue developing within glands newly 
formed glandular epithelium, and in that developing in or upon mucous 
membranes or the integument, also newly formed covering epithelium ; and 
these are able to produce epithelial tissue-formations, The formative cells of 
granulation tissue may move away from the place of their origin, and are 
thus in a ce sense wandering cells. In the formation of connective 
tissue they take on the most varied shapes 
(Fig. 205, ¢, d, e). At times they form 
also polynuclear cells (¢,). They are 
characterized by large, bright, oval nu- 
clei, which do not stain very deeply with 
nuclear stains, and are therefore dis- 
tinguished from the nuclei of leucocytes 
which stain very intensely. The forma- 
tive cells of the connective tissue are 
ion of blood-vesel often termed epithelioid cells on account 
in of their resemblance to epithelial cells. 
The leucocytes of granulation tissue 


























the deep layers 
nting the 


tin 
safraniny, ct, Endothelial cells with mi: 
Vasen: Dy yy louroestes, a are cells which have wandered from the 


blood-vessels, and from their presence it 
may be coneluded that the inflammatory exudation from the vessels still 


continues, Their numbe in general be regarded as an index of 
the degree of the still existing inflammation complicating the recovery. 
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polynuclear form, are found in all the layers of the skin in fresh granula- 
tions, but heap themselves particularly in the superficial strata, and, 
embedded in fibrin, cover over the surface of the granulation tissue (0). 

The freshly formed fibroblasts are round cells; later there develop 
cells partly club-shaped, partly spindle-shaped, partly with many 
branched processes (Fig. 205, 5, c, d), which in various ways unite the 
cells. At the same time the number of the large formative cells in- 
creases, so that they finally surpass the small round cells in number, and 
in places come to lie closely together. When their number has reached 
a certain point, the development of connective tissue begins—i.e., the 
formation of the fibrillar intercellular substance (Figs. 205, d, e; 207, a) 
— which is completed in the manner described in $ 84. When a certain 
degree of fibrille-formation has been reached the process comes to a 
standstill, the remains of the fibroblasts with their nuclei remain as fixed 
connective-tissue cells (Fig. 205, e), continue to live, and attach them- 
selves to the surface of the bundles of fibrilla. The process has then 
reached its termination—the granulation tissue has become scar tissue. 

In open wounds of the skin, when infection does not disturb the 
course of healing, the formation of granulation tissue lasts until the 
wound is again covered with epithelium. The regeneration of the latter 
proceeds from the edges, the epithelium gradually pushing itself over the 
granulations. With the formation of connective tissue the reproductive 
processes essentially terminate, but transformation processes continue in 
the cicatricial tissue for some length of time. Shortly after its formation 
the cicatrix is rich in blood and appears red; later it loses a portion of 
its vessels through their obliteration, becomes pale, and contracts to a 
volume much less than the original. Large scars of the skin show per- 
manently a smooth surface, since the papillary bodies are not again 
formed or only imperfectly (Fig. 209, e). The tissue of the scar remains 
for several months abnormally rich in cells, but in the course of time 
becomes poorer in cells and harder, and comes to contain elastic fibres. 

When the healing of a wound occurs in such a manner that: the tissne- 
defect is closed by the formation of a granulation tissue visible to the 
naked eye, the process is designated repair by second intention ( per secun- 
dam intentionem). 

The healing of incised wounds of the skin, «whose edges, united hy 
sutures, grow together by first intention, takes place in essentially the same 
manner as the healing of an open wound by second intention; but the 
processes of inflammation, proliferation, and new-formation of tissue are 
less prominent, partly because they take place below the skin, and partly 
because they are of much less extent and intensity. 

The result of such a cut is always a more or less abundant exudation 
on the surfaces of the wound, forming a coagulated mass often contain- 
ing blood (Fig. 208, c), which glues together the opposing wound-sur- 
faces. Very soon there arises an inflammatory infiltration of the edges 
of the wound, which varies greatly in different cases, and when the course 
of repair is aseptic never reaches any significant degree (g, h), attaining 
its maximum in from two to four days, diminishing from the fifth to the 
seventh day, and completely disappearing at or soon after the end of 
the second week. The inflammatory infiltration is usually greater in the 
neighborhood of the wound-sutures than at the edges of the wound. 

As early as the second day regenerative processes of proliferation 
begin in the connective tissue and in the vessels, and lead, in the course 
of several days, to the formation of an embryonic tissue, which lies partly 
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granulation and scar tissue. Large amounts of pus may be absorbed from 
the body-cavities and from the lungs. 

Abscesses cause in their neighborhood a proliferation of granula- 
tion tissue which leads to the formation of an abscess-membrane. The 
abscess-cavity may become obliterated through the absorption of the pus 
and the growing to- 
gether of the granu- 
lation - membrane 
covering the walls 
of the cavity; the 
abscess finally heals 
and leaves a scar. 
Incomplete absorp- 
tion may lead to 
thickening of the 
pus and later a calci- 
Jication of the resi- 
due. If the pus does 
not become inspis- 
sated, the abscess 
may persist and in 
the course of time 
may be increased in 
size by secretion 
from its walls. 

Empyemata 
may heal ina similar 
manner to abscesses 





through absorption Fibrold area in heart-muscle, Section through a muscle-tra- 
of the pus. At the bel has undergone Abrolıl change (Miller's Huld. haematoxylin). 

. Hi a, Endocardium; b, cross-section of normal muscle-cells : c, hyperplastic 
time of absorption connective tisue rich in cells: d. atrophic musclecells in hyperplastic 


the tissues enclosing jah ia I eater tec ar 
the pus produce still preserved: g, hall Uloodessle sh, smiccelled inflaton, x. 
granulation and 

scar tissue, which may reach a considerable » when the process of 
absorption takes a long time (Fig. 223). When incompletely absorbed, 
calcification of the thickened pus may occur. 

Foreign bodies, so far as they are absorbable and exert no specific 
influence upon their surroundings, are likewise dissolved, and replaced 
by connective tissue in the same way as are tissue-necroses or fibrin 
masses. If they possess accessible interstices, these may be penetrated 
by granulation tissue. If their 'mass cannot be absorbed, they become 
encapsulated (Fig. 217). 

















The röle played in the course of inflammation by the leucocytes which emigrate 
from the blood-vessels has not yet been satisfactorily explained. It is certain that 
the polynuclear leucocytes undergo no progressive changes, but either wander farther 
or die, and in part are taken up and destroyed by the fibroblasts (see X 98). The fate 
of the mononuclear leucocytes, particularly of the larger forms, is not definitely known, 
By the majority of authors it is assumed that they also take no part in the development 

of conneetive tlasue, and that there is no hitmatogenous formation of connective tissue. 
It is, however, to be noted that many authors (Arnold, Metschnikaff, Schottländer, Krom- 
pecher) hold that emigrated leucocytes may become transformed into fibroblasts. The 
basis of this difference of opinion rests upon the fact that the cells in question—round 
fibroblasts and mononuclear leucocytes—are very similar to each other, and forms often 
appear whose origin cannot be definitely determined. Therefore it cannot be said with. 
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certainty whether the so-called small-celled infiltration—that is, the collection of 
mononuclear round cells in the tissue—which is so frequently seen in inflammation, is 
of hematogenous origin, or whether in part it is made up of proliferated tissue-cells. 
Ribbert believes that there is reason for regarding these collections of cells as lymph- 
nodes. 

Recently there have been differentiated among the cells of the perivascular foci 
especial forms, as plasma-cells (Unna) or “ Krümelzellen” (von Marechalké). These 
are mononuclear, round or oval, occasionally also long cells (von Marschalko, Krom- 
pecher) which stain deeply with methylene-blue, and, as a result of the close clumping 
of the protoplasm at the periphery of the cell, show a light area around the nucleus 
which is usually excentrically placed and is furnished with a chromatin-network and 
five to cight chromatin granules. Unna, who first described these cells, regarded them 
as offspring of the connective tissue which die. On the other hand, von Marschalko, 
Schottländer, Krompecher, and Justi regard them as offspring of leucocytes, and it is 
probable that their view is the correct one. Von Marschalko regards it as probable that 
they produce connective tissue; SrAottländer and Krompecher are convinced that they 
become changed into fibroblasts and can form connective tissue. Plasma-cella, therefore, 
represent transition stages betireen the hematogenous wandering-cells and connectice-tissue 
cells. 

According to the investigations made up to the present time, it is not possible to 
make positive statements regarding the significance and fate of the emigrating hzema- 
togenous wandering-cells. The possibility that they are able to form connective-tissuc 
cells is conceded, but is not a proved fact. It is also possible that among the emigrat- 
ing leucocytes there are cells arising from proliferating endothelium of the blood- 
vessels, or that young motile connective-tissue cells wander into the vessels and then 
again pass out, and that the last two named are able to form connective tissue. For 
the solution of these problems we must look to new investigations. 
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IV. Phagocytosis Occurring in the Course of Inflammations, and 
the Formation of Foreign-body Giant-cells. 


$ 98. The presence in the tissues of the human body of small foreign 
bodies or of dead tissue-elements and tissue-detritus leads very often 
to a marked collection of cells about the embedded substance. At first 
these cells are leucocytes which have wandered out from the vessels, but 
later proliferating tissue-cells which have become motile wander into the 
neighborhood of the foreign body or dead tissue-remains. 

According to investigations by Leber, Buchner, Massart, Bordet, 
Gabritschewsky, and others, it is certain that the collecting of the cells 
is in part due to chemotaris—i.e., by an attraction exerted by substances 
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which have been dissolved out of the foreign body or the tissue-detritus; 
but without doubt other factors may determine the place where the cells 
collect. 

Tf the material while still undissolved comes within the neighborhood 
of the motile cells, it is very often taken up by the latter, and there 
occurs that phenomenon w] hich i is known as phagocytosis. If the proc- 
ess be observed under the microscope—as may very easily be done by 
mixing the richly cellular ti: ymph of the frog with granules of soot 
—one sees that the mobile cells pour their protoplasm around the foreign 
jes and through the union of the psendopodia extended over the bod- 
ceive them wholly into their protoplasm. Among the foreign 
bodies which penetrate from without are particularly the different forms 
of dust (especially soot) which are taken into the lungs with the inspired 
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air, also bacteria which are very frequently taken up by leucocytes or by 
tissue-cells. It is to be noted, however, that a phagocytosis of bacteria 
does not occur in all infections, but is rather confined to especial infec- 
tions, and even in tiese does not occur 
in all stages of the local disease. 

Of tissue-detritus there occur most 
frequently fat-droplets (Fig. 218, h,, h,), 
and disintegration - products of red 
blood-cells (h,), and these may be taken 
up in such abundance by the cells that 
the latter may become entirely filled 
with them and become changed into 
large spherical forms, which have been _ ,, F!¢, 219, en granulation ts. 
designated fat-granule cells and pigment- ot same (sublimate, Biondi’sstain). a, Round, 
granule spherules, Besides fat and Bus conlalntog remains of leucocytes 
blood-pigment other tissue-elements— X 5W. 
as, for example, fragments of the con- 
tractile substance of muscle, or of elastic fibres, or of fibrin—are taken 
up by cells. The cells which take np such substances are chiefly pro- 
liferating tissue-cells—fibroblasts, osteoblasts, sarcoblasts, etc. If an 
inflammatory exudation runs its course at the same time, and if the pro- 
liferating tissue contains leucocytes, they may also be taken up by the phago- 
cytes (Fig. 219, a, b, c). 

Phagocytosis i is a vital phenomenon of the cells which primarily has 
for its aim the taking-up of food; and it cannot be doubted that in in- 
flammatory foci this aim is in part fulfilled. This is particularly the 
case in the taking-up of leucocytes by fibroblasts, sarcoblasts, ete. ; one 
can at least see clearly how the leucocytes (Fig. 219, a, 6) within the 
cells undergo a progressive disintegration (¢, d, e) and finally are wholly 
destroyed. How far other corpuscular elements serve as food-material 
is dependent upon the chemico-physical properties of the same. This is 

ible, for example, in the taking-up of fragments of contractile mus- 
cle substance, fibrin, 
and of bacteria which 
are either dead or die 
within the cell. In 
other cases such a 
nutritive process may 
be excluded, as in the 
case of insoluble dust. 
In the case of bacteria 
it may also happen 
that these are de- 
stroyed, but on the 
other hand they may 
multiply, and the re- 
sulting bacterial col- 
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The cells filled with 
foreign bodies are at first found in that place where the phagocytosis oc- 
curs, but they may wander further and often pass into the lymph-channels 
(Fig. 218, ce) and lymph-glands (Fiz. 220), and further into the blood-ves- 
eels, whence they are deposited, parti rly in the spleen, bone-marrow, 
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and liver (see § 20 and § 21). Other cells may reach the body surfaces, 
and the tissues may in this way be cleared of impurities. 

If the foreign bodies which have penetrated into the body from with- 
out, or if the dying or necrotic portions of tissue are too large to be 
taken up by leucocytes or proliferating tissue-cells, there often develop, 
in the granulation tissue formed in their neighborhood, multinuclear 
giant-cells, which arrange themselves on the surface of the foreign body 
or of the superfluous tissue-mass (Fig. 221, d), in exactly the same man- 
ner as is the case with ostevelasts under physiological conditions. If the 
bodies are not too large they may be taken up by these multinuclear cells. 
Otherwise the cells remain clinging to the surface, and, if the substance 
is soluble, gradually bring about its dissolution (for example, catgut 
sutures, fragments of dead muscle-fibres). Occasionally it happens that 
mononuclear cells take up small foreign bodies into their substance, and 
afterward through division of their nuclei become converted into multi- 








Fig, 221.—-Dog's hair encapsulated in the subcutaneous tissue (alcohol, Bismarck brown). a. Hair: b, 
fibrous tissue; c, proliferating granulation tissue; d, giant-cells. x 66, 


nuclear cells. This event is most frequently observed after the taking- 
up of bacteria (leprosy, tuberculosis) which continue to multiply within 
the cells. 

If a foreign body lying within the tissues cannot be absorbed, it be- 
comes surrounded by granulation tissue, which later changes into con- 
nective tissue (Fig. 221, 5, ce), and in this manner becomes encapsulated. 
In the f smooth, insoluble bodies (glass beads) the proliferation 
may be very slight. 











The phenomena of chemotropismus or chemotaxis—that is, the attraction or 
repulsion of freely motile cells by chemical substances soluble in water—were first ob- 
served by Strahl and Pfefer, who made researches particularly on myxomycetes, infu- 
soria, bacteria, spermatozoa, and zodspores. Investigations by Lebert, Massart, Bordet, 
Boris, Gabritschewaky, and others have shown that the leucocytes may also be at- 
tracted by chemical substances (positive chemotroptsmus or chemotaxis) or repelled (nega- 
tice chemotropixmus). There are in particular products of the vital activity of the 
n-fungi (Ledert, Maaart, Bordet, Gabritscheweky), or bacterial proteids—i.e., albu- 
minoid bodies of dead bacterial cells (Buehner)—which even after great dilution 
riding to Buchner, the protein of pyocyaneus is active when diluted 1:300) show a 

is. According to Buchuer, this property belongs also to gluten casein 
from wheat-paste, legumin, bone-glue, alkali-albuminate from peas, while ammonium 
butyrate, trimethylamin, ammonia, leuciu, tyrosin, urea, and skatol exhibit negative 
chemotaxis, 
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V. Chronic Inflammations. 


§ 99. Inflammation is, according to its nature, an acute process, but 
various conditions may cause the phenomena of tissue-degeneration and 
exudation to persist for a longer 
time, and the inflammation be- 
comes chronic. 

The causes of chronic in- 
flammations may be found, in 
the first place, in the fact that 
in the course of an acute inflam- 
mation there occur changes which 
prevent a rapid healing. In this 
sense, as may be deduced from 
the foregoing, act all large tis- 
sue defects and tissue necroses, 
as well as large masses of exu- 
date which are with difficulty 
absorbable. When necrotic 
masses of tissue are not com- 
pletely absorbable, as in the case 
of large pieces of bone, they 
may indeed become sequestrat- 
ed, but persist as sequestra for 
years (Fig. 222, a), and keep up 
a constant inflammation. Fol- 
lowing the production of a large, 
superficial defect of the skin as 
a result of a burn, there devel- 
ops a granulation tissue, but 
months may pass before the 
wound surface is covered over 
with epithelium from the edges 
rosy nf Mfteen years’ duration the NA the process thereby brought 
iHaphysis of thee femur, ae Seques: to a close. 
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CHAPTER VIII. 


Tumors. 
I. General Considerations. 


§ 100. A neoplasm, or autonomous new-growth (Thoma), or tumor 
in the narrower sense, is a new-formation of tissue, apparently arising and 
growing independently, having an atypical structure, inserted uselessly into the 
organism, possessing no function of service to the body, and showing no typical 
termination to its growth. The atypical character of the structure of a 
tumor is shown in its external appearance as well as in its internal or- 
ganization in that a true tumor departs more or, less in structure from 
that of a normal organ. When this departure is but slight, the structure 
of the tumor approaches closely to that of the tissue-hypertrophies; and 
there occur cases in which the difference in structure is so little that it 
becomes very difficult to decide whether an excessive new-growth of tis- 
sue is to be classed as a tumor or an hypertrophy. 

Tumors may develop in any tissue of the body which is capable of 
growth, and arise through the proliferation of the tissue-cells, asso- 
ciated with a new-formation of blood-vessels. Not infrequently there 
occurs also an emigration of leucocytes into the tumor, and exudative proc- 
esses and inflammatory tissue-proliferations may take place in its neigh- 
borhood, but these phenomena form no essential part of the development 
of the tumor. 

The processes of cell-division and new-formation of blood-vessels are 
the same as those deseribed in $$ 81 and 83—i.e., the division of the cells 
takes place by karyomitosis, and the new vessels are formed from buds 
given off by the proliferating cells of the walls of old vessels. The 
mitoses are for the greater part typical (Fig. 230, 6), but there are also 
found relatively often atypical forms, such as asymmetrical divisions, 
nuclear figures with abnormally large chromatin masses (so-called giant 
mitoses), pluripolar mitoses, and forms of nuclear fragmentation, and 
also direct segmentation. 

In their fully developed condition tumors are for the greater part well 
defined from the surrounding tissues, but in some cases they may pass into the 
neighboring tissue without any sharply defined border of transition. Further, 
an entire organ may become transformed into a tumor, or large portions of 
tissue not sharply outlined from their surroundings may take on the character 
of atumor. Through the disintegration of tumor tissue there very fre- 
quently arise ulcers. 

The difference between the structure of a tumor and that of normal 
tissue is usually recognizable even macroscopically, but there are also 
tumors which so closely resemble the parent tissue from which they arise 
that the difference can be made out only through a more careful exami- 
nation. 

The eireumseribed tumors are usually nodwar (Figs. 231, d; 233, d, e; 
234, a). The size of the single nodules varies, according to the kind of 
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are also ineluded in this group those tumors arising from the specific 
elements of the nervous system—glia-cells and ganglion-cells—since these 
in their structure resemble the connective-tissue tumors much more than 
they do the epithelial. 
The differences in 
the types of the con- 
nective - tissue tumors 
are essentially depen- 
dent upon the charac- 
ter of the ground-sub- 
stance, and in part also 
upon the cells. When 
the tumors are very 
rich in cells and the 
ground - substance but 
slightly developed, 
they acquire a soft con- 
sistency and are classed 
with the sarcomata. 
Very soft forms are 
designated as medullary 
or fungi medullares. 
Through the combina- 
tion of different forms 
of connective tissue 
there arise mired con- 
nective-tissue tumors. 








Fic. %31.—Fungold carcinoma of the endometrium of the posterior 
wall of the uterus, a. Body of the uterus De cervixy c. vaginas a The epithelial tu- 
tumor, ‘Two-thirds natural size. mors aré composed of 


cells derived from aur- 
‚face epithelium or from gland-cells, and also of vasewdar connective tissue— 
which forms a supporting framework in the spaces of which the cells 
arising from the proliferation of surface epithelium or gland-cells lie in 
definite groups. Inasmuch as this arrangement gives to the tumors a 
structure suggesting that of a gland, they are often also called organoid 
tumors, in contradistinction to the histoid connective-tissue tumors. It 
should be noted, however, that there are also included in the connec- 
tive-tissue group of tumors certain 
reomata) which have an 
organoid structure. 

The cells which give the epithe- 
lial tumors their especial character 
arise either from the ectoderm or en- 

ML from the gland 

















y 
the mesodermal epithelinin ‘of the 
and of the pleural and 
ies, or of the glands 










-named origin often 
S dis inctly the especial character of the parent tissue 


having the la: 
show more or | 
from which they a 

Very soft cellular ‘epithelial tumors are also designated medullary. 
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Combinations of epithelial proliferations with proliferations of the 
connective tissue, which exceed the ordinary amount of supporting tis- 
sue or bear a sarcomatous character, lead to the formation of epithelial 
mired tumors. 

The teratoid tumors and cysts form a group which is especially 
characterized on the one hand by the fact that they contain the most 
varied kinds of tissue wkich may be derived from all three germ-layers 
(feratoid mixed tumors), and on the other hand by the presence of tissue 
formations in regions where they do not normally occur. Tumors, there- 
fore, which according to their strueture may be placed in one of the other 
groups, may be considered as teratomata on account of their situation. 
Further, there are also included in the group of teratoid tumors certain 
formations which according to their structure, origin, and physiological 
relations ought not to be classed with the tumors. 

Tumors usually develop singly; but it also happens that within a 
certain tissue system there may appear either coincidently or in succes- 
sion a great number of tumors of the same kind, so that it must be 
assumed that the conditions requisite for the development of these tu- 
mors were present in different parts of the system affected. At times 
there develop in different organs of the same individual two entirely dif- 
ferent varieties of tumors, which stand in no relation to each other, and 
whose coincident appearance is purely accidental. 


The exact determination of what should be included under the term tumor is 
hardly possible; and consequently the designation tumor is applied to many different 
formations which, according to their etiology, genesis, and life-characteristics, have not 
the same significance. The idea of tumor is, therefore, very differently conceived by 
different authors. Il regard it as advisable, and also as based upon the life-characteris- 
tics of the tissue-formations which we are about to consider, to exclude in the first place 
from the class of tumors all hyperplastic proliferations, and further all retention-cysts 
which arise purely through the retention of secretions and show no independent new- 
formation of tissuc. Further, according to my view, there should be separated from the 
true tumors all proliferations of tissue due to the presence uf parasites or to tnfection, par- 
ticularly the infectious granulomata which occur in tuberculosis, syphilis, leprosy, ete. 
Should it be proved—which so far has not been done—that some of the new-growths 
now included with the true tumors are caused by infection, they should also be ex- 
cluded from the category of true tumors. 

The above classification of tumors is based essentially upon their histological 
character and histogenesis. They may of course be classified according to other points 
of view.  Ludbarech has offered the following classification with reference to the growth 
and behavior of the tumor: (1) Tumors which differ from the parent tissue in the 
arrangement of their elements, but for the chief part present no recognizable increase 
or at most only a transitory growth (various teratoid new-growths, misplaced tissue 
anlage, congenital nevi, many adenomata, myomata, fibromata, lipomata. chondro- 
mata, and osteomata); (2) tumors which show a certain autonomy and independence in 
their structure, but yet on the whole obey the normal laws of life in that they always 
respect the physiological tissue boundaries (myomata, adenomata, angiomata, lipomata) ; 
(3) tumors which are wholly emancipated from the physiological laws of life and rule — 
in the tissues in total lawlessness of growth (carcinoma, sarcoma), 

The atypical structure of tumors is not given so much prominence by all au- 
thors as has been done above. This is particularly true with reference to those tumors 
which are similar in structure to the parent tissue from which they arise, and which are 
accordingly designated Aomoplaatic trmors. It should be noted, however, that even in 
these tumors (chondroma, osteoma, fibroma, etc.) there oecur in general, both in the 
histological structure, coarser organization, and external form, pronounced departures 
from the normal; and, moreover, it may also happen that inflammatory proliferations 
caused by infection may show a structure similar to that of tumors. It is therefore 
not always casy to determine positively whether a new-growth is to be regarded as a 
tumor. 

Tumors are in no sense useful to the organism as many tissue-hy pertrophies 
may be. Tumor tissue does not possess the specitic activity of that tissue from which | a 
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it springs, so that tumors can in no way be regarded as useful new-formations of tissue. 
It happens, indeed, that in certain tumors there occur processes of secretion which 
correspond to normal secretions—thus, epithelial tumors may produce mucous or horny 
or colloid material (thyroid tumors), or bile-pigment (liver-tumors), even in metastatic 
nodules—but from these facts we can conclude only that, in many tumors which do not 
differ too greatly in structure from the parent tissue, the cells may retain, to a certain 
degree, for a number of generations, the functional capacities of the parent tissue. 
There is, however, no basis for believing that new useful tissue is formed as in the case 
of hypertrophy from increased labor; the products are for the chief part of no use to 
the body, and though perhaps in especial cases the colloid or bile so produced may be 
made use of, such a function must surely be of much less value than that of the normal 
tissue. 

The tumors arising from the mesodermal! epithelium of the serous membranes or of 
the glands arising from these are included in the group of epithelialtumors. This is 
justified by the fact that such tumors correspond in their structure and clinical be- 
havior to the epithelial tumors of the ecto- and entoderm. I have also considered the 
question whether it would not be advisable (as ZZunsemann has proposed) to class also 
among the epithelial tumors—i.e., the adenomata and carcinomata—those tumors which 
have a framework of connective tissue, the spaces of which are filled, in a manner sug- 
gesting epithelial tissues, with cell nests arising from the proliferating endothelium of 
the blood- and lymph-vessels. Aside from the similarity in the structure of these tumors 
with the ordinary adenomata and carcinomata, there may be taken in favor of this view 
the fact that from the anatomical side the endothelium of the blood- and lymph-vessels 
is often designated as mesodermal epithelium. Against such a grouping of the endo- 
thelial with the epithelial tumors may be urged the facts that, aside from the general 
acceptance of the term endothelioma, the behavior of the endothelium of the blood- and 
Iymph-vessels under pathological conditions is very different from that of epithelium, 
and that in many tumors it is impossible to separate the products of the growth of the 
endothelium of the blood- and ly mph-vessels from the products of proliferation of con- 
nective-tissuc cells. 
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§ 101. The etiology of tumors is by no means uniform, and very 
often cannot be determined with certainty. In the majority of cases, 
however, the conditions, at least, under which the new-growth appeared 
ean be assigned and we may accordingly establish different groups of 
tumors. Infection is indeed very frequently advanced as a cause of tu- 
mors, but such etiology has not in any case been demonstrated beyond 
doubt. 

A8 the first group of tumors, according to etiology, may be taken those 
arising from especial congenital anlage, so that we may in a certain sense . 
regard them as local malformations of tissue. They develop either in . 
uterine life, and are present at birth, or later in extra-uterine life, dur- 
ing the period of growth or even later, in which case trauma not infre- 
quently gives the immediate occasion for the beginning of the develop- 
ment of the tumor from the preéxisting anlage. 

To this group belong in the first place many osteomata, chondromata, 
angiomata, gliomata, fibromata (of the nerves and skin), sarcomata and 
adenomata. Further, many teratoid tumors and cysts are also to be 
included in this group, Inasmuch as they represent in part either re- 
mains of fwtal structures, transpositions or monogerminal inclusions of 
embryonic tissue, implantations of rudimentary portions of a twin em- 
bryo (bigerminal implantations), or probably also the resuits of disturb- 
ances of the earliest stages of the development of the ovum. 

A second group develops after traumatic injurics of the tissues; andit has 
been reckoned that in about seven to fourteen per cent of cases a trau- 
matic origin can be assigned; particularly in the ease of sarcoma, ¢arci- 
noma, and osteoma. The causes of the tumor-formation may be a single 
injury, a stab, a blow, crushing, fracture, ete., as well as repeated me- 
chanical irritation, such as rubbing, seratching, ete. 

In a third group the development of the tumor follows inflammation, par- 
ticularly the formation of granulation tissue with subsequent cicatrization. The 
inflammation and ulceration may be caused by uon-specifie as well as by 
specific injurious agents. For example, cancer of the gall-bladder (Fig. 
233, d, e) almost invariably develops only in gall-bladders which contain 
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and on the other hand, of a lessening or removal of hindrances to growth. But it still 
remains a problem why there should not be formed typical tissues which would so fit 
into the organization of the body that they would be of service to the latter. In the 
attempt to explain this phenomenon, which is at the same time associated with an in- 
crease in the vital and reproductive capacities of the cells, even under pathological con- 
ditions (metastasis of the cells through the blood- and lymph-vessels), many writers 
have sought and would recognize as the cause the presence of parasites (see Etiology 
of Carcinoma); but our present knowledge does not in any way justify us in attributing 
the development of true tumors, of autonomous new-growths, to the influence of para- 
sites. On the contrary, the development and life-history of tumors, and in particular 
the formation of metastases, which without doubt arise through the multiplication of 
living tumor-cells transported in the lymph- or blood-stream, speak against the hy poth- 
esis of the parasitic nature of tumors. 

Cohnheim advanced the theory that all true tumors arose from especial tumor- 
anlage which had their origin in the persistence of foci of embryonal tissue. Neither 
the results of clinical observation nor of the anatomical investigation of the tissues 
speak in favor of such a theory. 

Ribbert is of the opinion that the cause of the pathological proliferation which leads 
to tumor-formation is to be found particularly in a separation of cells or cell-groups 
from their organic relations, such a separation occurring either as the result of intra- 
uterine disturbances of development or later under the influence of external agencies. 
Nevertheless, such transplantations or separations of cell-groups take place very fre- 
quently in intra-uterine life, or after trauma, after ulceration, in scars and in infectious 
granulomata, without any subsequent development of a tumor. These transplanta- 
tions of tissue constitute only one of the predisposing causes of tumor-formation, but some 
other factor is necessary to excite the atypical progressive tissue-proliferation—i.e., the 
development of the tumor. The development of a tumor is, therefore, tn no wise depen- 
dent upon a transplantation of tissue ; rather does the tumor-proliferation take tts origin in 
tells which are normally situated ; and this may be actually demonstrated, particularly 
in the case of epithelial tumors. 

Our knowledge of the causes of tumor-derelopment at the present time may be summed 
up as follows: Inherited and acquired conditions of certain cells and celi-groups, which 
assert themselves in a tendency to increased formative activity with the production of 
atypical tissue, lead to the formation of tumors. In many cases this proliferation is 
prepared for, favored, and excited by the transplantation of cells and cell-groups, but 
often also through changes in the neighborhood of the cells concerned. No general 
scheme applicable to the development of all tumors can be given. On the contrary, 
the conditions vary not only with the different forms of tumors, but also with the indi- 
vidual cases of the same tumor-type. Moreover, it should not be forgotten that the 
formations which we class as tumors do not all possess the same significance, and that 
many of the same ought more properly to be classed with other phenomena of growth 
(malformations). 
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s 102. When once a tumor has arisen in any tissue and has reached a 
certain stage of development it may become quiescent in growth, and 
remain for a life-time without undergoing further change. This is true 
particularly of those tumors which according to their origin are re- 
garded as local tissue-malformations ; but tumors which develop first in 
later life may also come to a standstill after attaining a certain size. 

The growth of a tumor takes place independently, and in many 
cases continues even until death oecurs. 

From the surrounding tissues the tumor acquires both its blood-ves- 
sels and thereby its food material, but may besides grow independently 
—i.e., through an increase of the cells which form the elements of the 
tumor. In many cases the tumor increases in size essentially through an 
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The malignant tumors, on the whole, coincide with those tumor 
forms which are known as carcinoma and sarcoma. It must, however, 
be borne in mind that the malignancy of a tumor depends not only upon 
its character, but also upon its location. A benign tumor takes ona 
malignant character as soon as its presence interferes with the functions 
of vital organs. Hence every tumor of the brain or meninges becomes a 
dangerous affection at the moment when it gives rise to disturbances of 
the cerebral functions. Under certain conditions such benign tumors as 
fibromata of the uterus bécome destructive growths as soon as they reach 
such a size as to displace and compress the neighboring organs. 

After a tumor has existed for a certain period there results very 
frequently a marked lowering of the general nutrition, a marasmus, 
which is usually designated tumor-cachexia. This occurs chiefly in 
association with the malignant growths known as cancer and sarcoma; 
and may depend, in part at least, upon the great demands made upon the 
food supply by the rapid growth of the tumor, particularly in the case 
of formation of metastases. A still more important cause may lie in the 
fact that the tumor may interfere with the taking-in of food. In cancer 
of the csophagus, stomach, and intestine the function of the affected 
organ is greatly interfered with, and the assimilation of food may be 
entirely prevented or nearly so. Further, it should be borne in mind 
that through the degeneration of the tumor and the continuous secretion 
from the resulting ulcers large amounts of albuminous material may 
often be lost from the body; and that through putrid decomposition 
there may arise substances which, when absorbed, may act injuriously 
upon the organism. Finally, the pain which is often felt in a tumor 
may rob the patient of his sleep. Whether the tumor itself, in certain 
cases, produces substances harmful to the organism is yet unknown, but 
is, however, not improbable. 
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il. The Different Forms of Tumors. 


I. Tumors DERIVED FROM CONNECTIVE TISSUE OR THE SUPPORTING 
FRAMEWORK. 





(a) Fibroma. 


§ 103. A fibroma is a tumor composed of fibrous connective tissue. It 
occurs most frequently in the form of nodules, which are sharply eircum- 
scribed from the surrounding tis- 
sues, and usually involve but a 
portion of the affected organ. 
Very rarely an entire organ may 
become changed into a single 
tumor-mass. On a free epithe- 
lial surface and on mucous mem- 
branes a fibroma may appear in 
the form of a papilloma. 

According to the character of 
the connective tissue of which it 
is composed, the air cy of a 

Fig. 239.—Hard ftbroma from lobe of the ear (aloo- fibroma may vary greatly. Often 
Be onen seem: PINE it ig hard and tough, creaking un- 
der the knife (desmoid), and show- 
ing on its cut surface a white, tendon-like, shining tissue; but in other 
eases the growth may be soft, flaceid, the cut surface being more uni- 
formly grayish - white 
and somewhat. translu- 
cent. Instill other cases 
the individual strands 
of connective tissue are 
indeed white and shin- 
ing, but the tumor as a 
whole has a looser s 
ture and is correspond- 
ingly id. 

Between the hard 

and soft growths there 


























exist all possible transi- 
tion-forms, and even in 

one tumor different Fin. 240—scetion of an cedemat stone dbroma ofthe uterus (oamie 
parts may possess dif Aa £2. sindie-shped cellos i, swale round ale; blood 
ferent characteristics. vessel." + 200. 


Under the microscope 

the hard kinds appear to be composed chiefly of thick bundles of coarse 
fibres (Fig. 239, a, >), in which lie seattered a larger or smaller number 
of cells. In the softer forms the bundles of fibres are more delicate 
(Fig. 240, a). If asa result of venous congestion or other canse a clear 
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Moreover, it is not uncommon to see within a tumor several centres of 
growth—that is, the mass of the tumor is made up of several nodules or 
bands held together by ordinary connective tissue (Fig. 241, 5). Fibro- 
mata are malignant only through their size and position. 

Fibromata may undergo fatty degeneration or may soften and disinte- 
grate, so that cavities may be formed within them. They may also break 
through and give rise to ulcers. Their blood-supply varies greatly, at 
times being scanty, at other times abundant. Occasionally the blood- 
vessels are ectatic, so that the tissue is interspersed with wide channels 
and clefts, from which blood escapes when the tumor is examined in a 
fresh state. In other cases dilated Iymph-channels are seen. 

Keloid is the designation applied to a hard, nodular, or flat aud 
banded, or stellate growth of the skin, which in its fully developed state 
consists of dense fibrous tissue without elastic fibres. The direction of 
the fibres is often at right angles to the surface of the skin, or at least 
does not accord with that of the normal fibres. It usually develops after 
injuries or inflammations (cicatriz-keloid), but it may also appear without. 
such association (spontaneous keloid). The cause of the keloid growth is 
not known; the tendency to recurrence after removal, the multiple oc- 
currence, and the fact that many cases frequently occur in the same 
family (Ilutchinson) speak in favor of a special predisposition on the 
part of the skin. 
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(b) Myxoma, 


x 104. A myxoma is a tumor which consists essentially of mucous 
tissue, and is made up of cells and a fluid or gelatinous intercellular sub- 
stance containing mucin.  Thecells of the tumor are for the greater part 
polymorphous, with processes of varying length (Fig. 242) which anas- 
tomose with one another (Fig. 243, a). The tissue is markedly trans- 
lucent, soft, and the blood-vessels are easily seen through it. From the 
eut surface gelatinous masses or a stringy fluid, which swell up in water, 
may be obtained. 

_ No tumor is ever wholly made up of myxomatous tissue; the latter 
Is usually combined with other forms of tissue, particularly with fibrous 
connective tissue, fat tissue, cartilage, and sarcomatous tissue. For this 
reason such tumors are properly designated fibromyxoma, lipomyxoma 
(Fig. 245), chondromyxoma (Fig. 248, ec), and myxosarcoma (Fig. 243). 
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Mucous tissue may develop from fibrous connective tissue through 
the collection of a mucin-containing fluid between the fibrille and the 
gradual disappearance of the 
latter. Adipose tissue may 
pass over into myxomatous tis- 
sue through the disappearance 
of fat from the fat-cells and the 
appearance of a mucin-contain- 
ing gelatinous substance be- 
tween the cells, during which 
process the fat-drops become 
broken up into swollen droplets 
(Fig. 245, b, c), while the cells 
themselves become smaller and 
star-shaped (d). Cartilage may 
also become transformed into 
mucous tissue through a mucoid 
degeneration of the basement- 
substance and a change of form 
of the cells (Fig. 248, c, d). 
Myxosarcomata (Fig. 243) arise 
either through a local increased 
activity of cell-proliferation in 
uryxomata or through a collec- „2. 
tion of mucoid substance be. 9% ihe femur got! or 
tween the sarcoma cells. 

Myxomata, myxofibromata, and myxolipomata develop most fre- 
quently in the connective tissue of the periosteum, skin, heart, fascia, 
and sheaths ef the muscles, as well as in the fat tissue of the subcuta- 








Fic. 243.—Section of a myxosarcoma (Miller's fluid. carmine, glycerin). a, Myxomatous tissue b, strands 
of cells; ¢, Ahrous tissue. >: 235, 


neous and subserous tissues and of the bone-marrow. Myxochondromata 
occur particularly in the parotid, and constitute the most common form 
of tumor found there. 
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These forms are all benign tumors, which rarely produce metastases. 
Myxosarcomata, on the other hand, have the characteristics of sarcomata 
and may form metastases. 
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(ec) Lipoma. 


8105. A lipoma is a tumor consisting of adipose tissue (Fig. 244). 
These tumors are sometimes soft, sometimes firm, usually nodular and 
lobulated, and very often attain a very great size. In structure they 
are very similar to the subcutaneous adipose tissue—that is, they consist 
of fat-lobules held together by thick or narrow connective - tissue 
trabeculae. 

Histologically, the tissue of a lipoma resembles the fat-lobules of 
the subcutaneous panniculus (Fig. 244), although the tendency to form 
typical grape-like clusters of fat-cells is wanting. If, as notinfrequently 
happens, mucous tissue is also 
formed in connection with the 
fat tissue, or if the latter, fol- 
lowing a disappearance of its 
fat, becomes changed into myxo- 
matous tissue, the tumor is des- 
ignated a lipomyxoma (Fig. 
245); if there is an abundance 
of fibrous tissue present, it is 
called a lipofibroma or fibroli- 
poma. 

Lipomata develop most com- 
monly from adipose tissue, but 
may arise also from connective 
tissue which normally contains no 
fat. Calcification, necrosis, gan- 

Fig. 24. Lipomaofshoulder region, with rlatvely rene, and sloughing are of not 

sinall fat-cells (MAller's Hull, havinatoxylin). x 3 infrequent occurrence in lipomata 

of large size. These tumors do 

but. are occasionally of multiple occurrence. A 

complete disapped » of a lipoma does not take place in the case of 
extreme general emaciation of the individual, 

Lipomata are sometimes observed even in new-born children—for 





not produce metastases, 












CHONDROMA. 


‘The cells are sometimes surrounded by the so-called ca] 
times not; sometimes they lie in groups inside of the 
other times they are more 
regularly distributed. All 
ee varieties of 
crease ang f0a a 

are foun en- 
chondromata. Accord- 
ingly the cells vary in 
form, the majority show- 
ing the familiar spherical 
form, but spindle and stel- 
late cells are not rare, 
particularly in the neigh- 
borhood of the connective- 
tissue bands which divide 
the tumor into nodules or 
surround it as a whole. 
Cartilage, the perichondri- 
um, bone-marrow, perios- 
teum, and different forms 
of eonneetive tissue may 
forın the matrix of en 
dromata. Those arising 
from eartilage or bone are 
known as ecchomdroses. 

‘The tissue of enchondromata very frequently suffers 


retrogressive 
metamorphoses, Very often a portion of the cells contain fat-droplets, 
The ground-substance in large tumors shows a tendency to undergo in 


Fra, 260.—Periostea! chondroma of the calcaneus, with areas of enleification (Müller’s fhuid, baematoxytin}, 
@, Hyaline cartilage ; 5, c, calcified cartiage. x 25, 
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254). The former consist of firm, compact tissue like that of the 
cortical portion of the long bones, and possess very narrow nutrient: 
canals (Fig. 253, a); the latter are made up of narrow, delicate bony 
trabecule and wide medullary spaces (Fig. 254), and resemble spongy 
bone in structure. 

The surface is sometimes regular and smooth, so that the whole tumor 
presents the form of a cone (Fig. 251), or of a sphere, or a pedunculated 
button; or it may be irregular, rough, and nodular, without definite 
resemblance to any given form (Fig. 252). The first variety occurs par- 
ticularly in the eburneous forms, which are found most frequently as 
exostoses upon the skull (Figs. 
251 and 253); the latter in the 
spongy exostoses and the dis- 
connected and heteroplastie 
osteomata, such as are found, 
for example, in the falx of the 
dura mater (Fig. 254). 

Osteomata may oceur as 
single or multiple tumors, the 
latter mode of occurrence being 
relatively common. The ivory- 
like exostoses of the cranium 
and the osteomata of the dura 
mater. are very frequently of 
multiple occurrence, and circumscribed bony 
growths often appear in great numbers on 
the bones of the extremities and trunk. In 
such cases the epiphyseal ends of the bones 
and the points of insertion of tendons, or 
both at the same time, are the favorite seats 
of development. It is probable that such 
growths are to be referred to an inherited 
predisposition of the part affected to over- 
growth, or to disturbances in the development 
of the skeleton, At times a hereditary fa 
tor can be demonstrated. The bony plates 
and spicules, which in rare cases develop in 

Fie. 25%—-Fxostosis cartiiaginen {De lung or in the mucous membrane of the 
of the upper diaphysisof the tibia, — air-passages, I so oceur in large numbers. 
oii ei benieeiaainaie The development of the bone takes place 

partly through the formation of osteoblasts, 
as described in § 84, and partly through metaplasia of formed tissues 
(8 89). The matrix is formed chiefly from the connective tissue of the 
periosteum, as well as that of the tissue from which the osteoma arises; 
and also from the eartilage and bone-marrow. If an exostosis devel- 
ops in such a manner that cartilage is first formed from the proliferat- 
ing periosteum or bone-marrow, and from this cartilage bone is later 
developed, it is called a cartilaginous exostosis (Pig when the ex- 
sis is formed directly from the proliferating periosteum without 
age of cartilage, it is known as a connectire-tissue exostoxix 
and 254). 
The combination of connective tissue and bone in a tumor, in such a 
manner that the connective tissue represents a chief constituent of the 
growth and does not simply represent the periosteum and bone-marrow 
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new-growth may develop in the periosteum (Fig. 255, ce) or in the mar- 
row (a, db). Anabundant formation of bony trabecule (f, A, k) in the 
cartilage (e, g, i) gives to the tissue a firm, hard consistence. 

Mauy of the new-growths of bone which come under observation are 
not tumors in the strict sense of the term, but are hyperplasias resulting 
from excessive growth or from inflammatory processes. This is true 
particularly of many 
osteophytes and ex- 
ostoses, and also in 
part of the parostoses 
and the disconnected 
osteomata. The bony 
plates not infrequent- 
ly found in the falx 
of the dura, and 
which have a normal 
bone - marrow (Fig. 
254), are to be re- 


portions of the skele- 
ton. The formations 
of bone known as 
rider’s bone and drill- 
bone, which are found 
in the adductors of 
the thigh and in the 
deltoid muscle, as the 
result of riding and 
the repeated shoulder- 
ing of arms are to be 

Fig. 255. Gatcochondroms, of the humerus (alcohol, pleric acid, he- regal as tumors, 
BEN alate? fidence; which develop from 


‘luted iaverslan vanals fled. with cartinge, contain i i 
ined! Done at 7s. curtilage with bonestrabeculse fy formed yt a ite 3 congenital anlage, in 















Periotvun: i. cartilage with newly formed boneinbecuis, arising that the connective- 
Tit Hangers hub oil bone tesbecukes m. Temaldo of marrow: CL 
thetic, Pocket-lens magnification, tissue of the muscle 


shows characteristics 
which ordinarily belong only to the periosteum and bone-marrow. The 
so-called myositis ossificans—a peculiar disease of the muscles, character- 
ized by a progressive ossification of their connective tissue during child- 
hood—is to be similarly interpreted. 
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(Sf) Hemangioma and Lymphangioma. 

$108. Under the term angioma are grouped those tumor-like forma- 
tions in the structure of which blood-vessels or Iymph-vessels constitute such an 
important part as to determine the character of the tumor. 

Vascular tumors arising from blood-vessels are called hemangiomata, 
or angiomata in the restricted sense of the term; those arising from 
lymph-vessels are designated Iymphangiomata. Such tumors for the 
greater part represent formations which el be regarded as malforma- 


hemangioma cavernoswn, an hypertrophieum, and arteriale 
racemosum. 


A hemangioma simplex or teleangiectasia is a tissue-formation in 
which, within a ground tissue of normal occurrence in the body, there is 





Fig, &6,-Teicanglectasis ofthe autiposus ofthe atom formalin, bematoxyia, sa), 
fa Blood. yes led with Bou by aaipose Cases 3 zi 


found an abnormal inerease in the number or in the size of the capillaries and 
Bach fo structure in part is essentially changed. 
formations occur most frequently in the skin and subcutaneous 


RAE Hes usually congenital, but increase in size after birth. 
ee designated vascular nevi, and are often found in places 
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where fetal clefts have closed (fissural angiomata). Of a tumor in the 
ordinary sense it is often scarcely possible to speak, since the skin may 
show no tumor-like elevation, On the other hand, there occur extensive 











Fra. 257 Dilated capiilurien of a teleangiectatie tumor of the brain, isolated from a psrtion of tumor by 


means of shaking. 





teleangiectases of the skin and subcutaneous tissue, presenting either as 
circumscribed growths or as flat, oceasionally nodular thickenings of the 
skin, which may with propriety be termed tumors. The smooth nerus 
vaseulosus, on the other hand, appears as an extensive superficial substitu- 
tion of the skin by another tissue. The color of the affected portion of 
the skin is either bright red (nerus flammeus) or bluish-red (nevus vinosus). 
The line of demarcation between the normal and affected skin is usu- 
ally not a sharp one; 
around the edge and in 
the neighborhood of 
the chief area of dis- 
coloration there are 
often found little, cir- 
cumscribed red spots 
appearing as outrun- 
ners of the process. 
The red color is due 
to the dilated blood- 
vessels which are situ- 
ated either in the cor- 
tum or in the subcutancous fat tissue (Fig. 256, a); and eases occur in 
which large areas of the subentaneous adipose tissue present a red ap- 
pearance as a result of the pathological development of blood-vessels. 
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$109. Angioma lymphaticum or lymphangioma is a tumor com- 
posed of a tissue the greater part of which is made up of dilated lymph- 
vessels. The following different forms may be distinguished: lymphan- 
gioma simplex or teleangiectasia lymphatica (Fig. 264); lymphangioma 
cavernosum (Fig. 265); lymphangioma cystoides ; and lymphangioma hyper- 
trophicum. The cavities of these tumors usually contain a clear, light- 
colored lymph, but more rarely it is milky and contains mononuclear 
and polynuclear leucocytes, and usually also eosinophile cells, The 
walls consist of connective-tissue trabecule of varying thickness and 
containing more or less involuntary muscle; the spaces are lined with 
endothelium, 

In the lymphangioma simplex (Fig. 264) the lymph-vessels of a 
more or less extensive area are dilated and their walls for the greater 
part are thickened. In the cavernous lymphangiomata the number of 





Fig, 29.- Weeping subepithelial Iymphangioma of the skin (ulechol, carınine). a, Cortum : 2, epithelium 
et Tymuphespaces. A 14, 


lymph-vessels is still greater, their spaces are larger, and the intervening 
tissue is less abundant, so that, even to the naked eye, the tissue presents 
aspongy appearance. The cystoid lymphangiomata contain cysts vary- 
ing in size from that of a to a walnut. The tissue between the 
dilated Iyınph-vessels consists, according to the location of the tumor, 
either of connective tissue (Fig. 264), fat tissue (Fig. .¢), muscle, or 
some other tissue. At times nodes of Iymphadenoid tissue may be en- 
closed (¢), and may present evidences of active proliferation. 
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Lymphangiomata are sometimes congenital ; at other times they make 
their first appearance at a later period of life. 

The congenital forms occur particularly as different varieties of 
ectasia of lymph-vessels, and are found chiefly in the tongue (macro- 
glossia), palatal arch, lips (macrocheilia), skin (nevus lymphaticus), sub- 
cutaneous tissue, in the neck (hygroma colli congenitum), vulva, ete. The 
lymphangiomata of the skin spread over more or less extensive areas of 
the skin, and form either smooth or irregular elevations of the same. If 
the blood-vessels are numerous the growth may have a red color. The 
rupture of dilated lymph-vessels lying immediately beneath the epithe- 
lium (Fig. 264, d) may give rise to a moist condition of the surface and 





Fra. 265.--Lymphangioma eavernosum subeutaneum (alcohol, alum-carmine).. „a, Betatie Iymph-veweis: 
3. Tonneeilve tase’ €, adipose tissue’ d. large DIood-veamels; ey cellular areas. ">" 


eventually toa lymphorrheea. The extension of the cavernous develop- 
ment of the lymph-vessels over large areas of the skin and subcutaneous. 
tissue may give rise to elephantiasis-like diefigurations of the part affected. 
ot infrequently the intervening connective tissue also takes part in the 
hypertrophic growth, or there develops a fibrous elephantiasis in connec- 
tion with Iymphangiectasia. 

Tn rare 's chyle-containing growths (chylangiomata) are found in 
the intestinal wall or mesentery. (Cystic lymphangiomata are also found 
rarely in the peritoneum. 

The pathological formations which may be classed as hypertrophic 
lymphangiomata represent peculiar changes of the skin, which are 
either congenital or develop in early youth. They are commonly known 
as pigmented moles, lentigines, freckles, and fleshy warts. 

The pigmented moles, or nevi pigmentosi, or melanomata, form larger or 
smaller smooth areas which are not elevated above the general surface of 
the skin (nerus spilus), or prominent warty growths (nerus prominens, 
nerus ucosus). When covered with hair, as is frequently the case, 
they are ealled hairy moles (nerus pilosus). Tn color they are usually 
light brown or dark brown, or even black (Fig. 266); and are usually 
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of the cells); though often the pigment lies chiefly within the connec- 
tive tissue cells of the fibrous portions of the growth. 

The cells of the cell-nesis are relatively large (Fig. 268), possess an 
abundant protoplasm, and a bright, bladder-like nucleus. Their posi- 
tion and appearance justify the assumption that they represent the prod- 
ucts of the proliferation of the endothelial cells of the lymph-vessels. In 
rarer cases similar formations arise from the blood-vessels (hamangioma 
hypertrophicum). Accordingly, it would seem proper to class these 
growths with the endotheliomata or lymphangiosarcomata, but their lim- 
ited growth makes their classification as lymphangiomata more appro- 
priate (see § 115). The cell-nests of the hypertrophic lymphangioma 
may in part spread out more diffusely through the tissues (as is the case 
with the hypertrophic hemangioma), so that the peculiar structure of 
the growth may be lost. In rare cases there may develop a combination 
of hypertrophic lymphangioma and lipoma. 


Unna, Kromayer, Delbanco, and Marchand hold the view that the cell-nests of the 
cellular nxvi are of epithelial origin, and represent misplaced portions of the surface 
epithelium; and Aromayer goes so far as to assume a metaplasia of epithelium into 
connective tissue. Preparations showing the first stages of the development of nwvi 
are not accessible to me; but a thorough study of nevi and flesıy warts of a later stage 
does not show any connection between the cell-nests and the epithelium; and conse- 
quently I hold the opinion—notwithstandiug the investigations of the above-named 
authors—that the view given above in the text, in regard to these nevi and fleshy 
warts, harmonizes most perfectly with their anatomical nature and clinical behavior, 
both in their fully developed condition as well as when they undergo a transformation 
into malignant sarcomata. That in individual cases the cell-nests lie close to the epi- 
thelium is no proof of a genetic relationship, since the ordinary lymphangiomata also 
li: close to the epithelium (Fig. 264, d). 
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and others, multiple myomata of the skin may take their origin either 
from the arrectores pilorum or from the'musele-cells of the sweat-glands. 
A certain amount of connective tissue always takes part in the for- 
mation of a myoma, and often assumes such importance that the tumor 
may with propriety be called a fibromyoma or myofibroma. For 
example, the majority of the uterine myomata are fibromyomata. The 
fibrous connective-tissue portions of the tumor appear glistening white, 
the muscular portions more reddish-white or clear reddish-gray. The 
spindle-shaped muscle-fibres may be isolated by teasing a bit of the 
tumor or by maceration of the same for twenty-four hours in a twenty- 
per-cent nitric-acid solution or for twenty to thirty minutes in a thirty- 
four-per-cent solution of potassium hydroxide. In longitudinal sections 
the muscle-fibres are most easily recognized by their rod-shaped nuclei 
(Figs. 270, 271), as well as by the regular structure of the cells in bands 
or strands. In cross-section the muscle-cells appear as small flattened 
cells containing in their centres the transversely cut nuclei (Fig. 270). 

* The leiomyomataare benign tumors, but often reach a very large size, 
and sometimes undergo asarcomatous proliferation. In fibromyomata of 
the uterus there not infrequently occur fatty degeneration and softening, 
which may lead to the disintegration of the growth or to the formation 
of cystic cavities. Calcification may also occur. Through degeneration 
and atrophy of the muscle-fibres a myofibroma may become transformed 
into a fibroma. 

A rhabdomyoma (Zenker), or myoma striocellulare, is on the whole 
a rare tumor. Its most characteristic feature is the presence of stri- 
ated muscle-fibres, which in part are fully developed and in part un- 





Fic. 272.—Cells from a rhabdomyoma. (After Ribbert and Wolfensberger.) a, D. c. d, Striated fibres 
of varying thickness; «, small nucleated Ohre without striation; ¢, spindle-cell with longitudinal striation ; 
J, splndie-cells with longitudinal and transverse striation ; g, spindle-cells, without with elon- 
ated processes; h, f, round cells with concentric and radial striation. 


developed. When well developed the muscle-fibres form multinuclear 
bands of varying width, which present a cross-striation (Fig. 272, a, b, 
¢), and in part also a longitudinal striation (e, f). The undeveloped 
forms consist of narrow bands without transverse striations (d); of 
spindle-cells with long-drawn-out thread-like processes without transverse 
striation (g) or with partial striation (f); or, further, of round cells of 
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different sizes, which present either a radial or a concentric fibrillation 
or striation (Ah, i). Besides these there are also cells which possess no 
especial characteristics, so that it is impossible to decide whether they 
are young undeveloped muscle-cells or connective-tissue cells. The 
bands as well as the spindles are usually arranged in interlacing bundles. 
It is usually not possible to demonstrate with certainty the presence of a 
sarcolemma on the surface of the fibres; but various delicate membranes 
have been described by different authors, which probably are to be re- 
garded as representing portions of a sarcolemma. 

Rhabdomyomata of the heart, in so far as they do not consist of a 
formation of delicate transversely striated muscle-fibres, are made up of 
a delicate network supported by connective-tissue bands, in the clear 
spaces of which network there lie spider-like cells, whose processes are 
partly free, and partly continuous with the reticulum. According to 
Seiffert, these cells are to be regarded as enlarged embryonal muscle- 
cells, which, in the event of an overproduction of the structureless pro- 
toplasmic portion, have formed no transversely striated covering. 

Rhabdomyomata occur most frequently in the kidney or its pelvis, 
in the testicles, and uterus; more rarely in other regions, as, for exam- 
ple, in the vagina, bladder, muscles, heart, nerves, subcutaneous tissue, 
mediastinum, «&sophagus, etc., and form nodular, or, in case they are 
situated on the surface of a mucous membrane, papillomatous and poly- 
poid tumors, which vary greatly in size. They develop from striped 
muscle, possibly also from smooth muscle (uterus). In the kidneys and 
testicles they either form circumscribed nodules, or lead to a total 
destruction of theorgan. The origin of the tumor in these cases is prob- 
ably from misplaced anlage of muscle-tissue; and accordingly such 
growths are most frequently congenital. They may, however, develop 
first at an advanced age. Occasionally they enclose other tissues, for 
example, cartilage. Moreover, muscle-fibres of corresponding stages of 
development occur in the complex tumors of the testicles and kidneys 
(see Teratoma). 

If a tumor contains only a few cells which can be definitely recog- 
nized as muscle-fibres, while the majority of the cells have no specific 
character, the tumor is ordinarily designated a rhabdomyosarcoma. 
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(h) Glioma and Neuroglioma Ganglionare. 


$111. A glioma is a tumor which develops from the cells of the sup- 
porting tissue of the central nervous system (neuroglia), and in its fully 
developed condition consists essentially of 
these cells. In the brain the gliomata form 
tumors, which for the most part are not 
sharply defined from the normal brain-sub- 
stance, but pass into the 
latter by insensible gra- 
dations. At times they 
appear simply as local 
swellings of the brain, 
and only the difference in 
color and the disappear- 
ance of the normal tissue- 
contrasts between the dif- 
ferent elements of the 
brain, give evidence to 
the eye that a tumor is 
present. In the spinal 
B cord they arise most fre- 
Fic. 27% —Glloma sersbrl. 4, Cells Isolated by teasing and quently in the neighbor- 
BES ne gions aferhärden. ood of the central canal, 
and may extend over a 

large portion of the cord. 

Their appearance varies greatly; sometimes they are light-gray, 
somewhat translucent, and similar in color to that of the cortex, and 
moderately firm in consistence; at other times they are more grayish- 
white, denser, and firmer; and again they are not infrequently grayish- 
red or dark red in color. In the last case they are traversed by numerous 
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large vessels. Gliomata well supplied with blood often contain hemor- 
rhagic-areas. Fatty degeneration, softening, and destruction of the tissue 
are also of common occurrence. 

A section of a fully developed glioma shows under the microscope a 
network of extremely delicate glistening fibrille (Fig. 273, B), in which 
are imbedded numerous short oval nuclei. About the nuclei there is 
but a scanty amount of protoplasm, and this can be distinguished only 
with difficulty. When examined in the fresh state or after maceration 
in Müller’s fluid it may be seen dis- 
tinetly that these nuclei belong to 
cells (astrocytes) which are charac- 
terized by a great number of fine 
processes extending in all directions, 
and often branching (Fig. 273, A). 
By proper staining-methods the con- 
nection between some of the fibres 
may be demonstrated also in sections 
(Fig. 274). 

The cells are very similar to nor- 
mal glia-cells; but are not infre- 
quently much larger, occasionally 
more plump, and some may possess pig, 274,—section of a glioma of the cerebrum, 
two, three, or four nuclei. yn aatrocytes (ations fluid, bwematoxylin, 

Investigations as to the develop- orgie metnod.) x ae 
ment of gliomata have proved that 
the glia-cells are the mother-cells of the tumor-cells. The ganglion-cells 
do not take any part in the proliferative process. Within the tumor 
there may be found cavities lined with ependyma-epithelium (Stroebe), 
and this may be regarded as evidence of their connection with some dis- 
turbance of development of the brain or spinal cord. The number of 
cells in a glioma varies greatly. At times the cells greatly predominate, 
at other times the fibrille. A simultaneous proliferation of the cells of 
the perivascular connective tissue leads to the formation of gliosarcomata 

The glioma usually oceurs singly, and does not produce metastases. 
Traumatism may furnish the exciting cause for its development. 

The term glioma is also applied to certain tumors of the retina occur- 
ring during childhood. These growths, a certain portion of which are 
of congenital origin, are evidently to be referred to some disturbance in 
the development of the retina. They form cellular, soft, w! is] 
tumors, the greater part of which ¢ of small, round or irr 
cells poor in protoplasm, resembling the cells of the stratum granulosum. 
In part. they possess smaller or larger processes. These cells are found 
best. preserved in the neighborhood of the blood-vessels, while in other 
portions of the tumor they often show retrograde changes. The tumor 
may also contain ganglion-cells, cylindrical cells, and peculiar rosette 
and ribbon-like cell-formations (Wintersteiner), these latter being re- 
garded as aggregations of rods and cones. Wintersteiner has, therefore, 
designated the tumor a neuroepithelioma. 

The glioma of the retina often shows areas of necrosis in its central 
portion. In its growth it may break into the retrobulbar space, or for- 
ward through the cornea and sclera; it recurs after operation, and gives 
Tise to metastases. 

A neuroglioma ganglionare (Fig. 275) is a twnor of the central 
nervous system, composed of hyperplastic glia-tissue, ganglion-cells, and 
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(i) Neuroma and Neurofibroma. 


$ 112. The tumors designated neuromata occur most frequently on 
the ends of amputated nerves, where they form more or less prominent 
swellings, either circumscribed or blending into the surrounding tissue 
without any clearly defined demarcation. From the conditions of their 
origin they are known as amputation-neuromata (Fig. 276, 6). The devel- 
opment of these neuromata is to be referred to the changes taking place 
after the nerves have been severed; during the development of connective 
tissue in the stump the ends of the axis-cylinders of the proximal portion 
of the affected nerve divide and grow longitudinally, so that the scar- 
tissue comes to be penetrated by nerves which at first have no sheaths, 
but are soon surrounded by medullary sheaths. The mass of nerves 
penetrating into the granulation tissue may be large or small, so that the 
connective tissue after a certain length of time may contain a very rich 
supply of nerves, which, radiating from the end of the old nerve, extend 
into the connective tissue in all directions (Fig. 276, 6). The process 
is, therefore, an example of a useless regenerative proliferation of a nerve- 
stump exceeding the physiological needs. 

As another form of so-called neuromata are classed those growths 
developing spontaneously, without external cause, along the course of 
nerves; and which consist essentially of an increase in the connective tissue 
of the nerve, usually of the outer, more rarely of the inner layer of the 
endoneurium. 

At the point of tumor-growth the nerve-bundles become surrounded 
by a more or less thick layer of connective tissue, which is usually loose, 
more rarely dense (Fig. 277, b, d), or the bundles may be split apart 
into their individual fibres (c). Occasionally the perineurium takes 
part in the proliferation. In the case of large nerve-trunks the epineu- 
rium may be affected in association with the endoneurium and perineu- 


412 -TUMORS, 


rium of the individual bundles, although the process’is most frequently 
confined to the endoneurium. 

According to their structure these tumors are not true neuromata, 
but are neurofibromata or fibromata of the nerves. They are usually 
of multiple occurrence, and may extend throughout the entire peripheral 
nervous system, but are more often limited to a definite area of nerve- 
distribution. In very rare cases they occur in the nerve-roots and spinal 
cord. The nodules are sometimes situated along the course of the 
nerve-trunks, sometimes on the finer 
branches, most frequently of the cutane- 
ous nerves; and in the skin form more or 
less numerous, larger or smaller, tumor- 
nodules, for the greater part of soft con- 
sistence, to which the designation multi- 
ple fibromata of the skin is usually 
applied. The smallest nodules can be 
seen only with the microscope; the ma- 
jority vary in size from that of a pea to 
that of a hazel-nut. Individual tumors 
may reach the size of a man’s fist, the 
nerve-fibres being wholly lost sight of in 
the great mass of connective tissue. At- 
rophy of the fibres may be caused by the 
increasing connective tissue, the fibres 
finally vanishing completely. In addi- 
tion to the formation of circumscribed 
nodules there may occur also in the af- 
fected area a diffuse thickening of the nerves 
‚from hypertrophy of their connective tixsue. 
Moreover, with this condition there may 
be associated a hypertrophic prolifera- 
tion of the connective tissue of the skin 
and subeutaneous tissue, leading to ele- 
phantiasis-like thickenings of the skin. 

A third form of false neuroma is the 
cirsoid neuroma (Bruns) or plexiform 
neuroma (Verneuil), a tumor formation 
which is characterized by the develop- 
ment in the domain of one or more nerve- 
branches of a convolution of tendril-like, 
twisted or interwoven, thickened and 
nodular nerve-strands (Fig. 278). When 
examined in detail this formation is also 
found to depend essentially upon a _fibro- 
matosis_ of the nerves (Fig. 277), the pro- 
liferation of the endoneurium resulting partly in a diffuse and partly 
in a nodular thickening of the nerves. In addition, it may be found 
in such formations that the nerves of the affected area are lengthened 
and thereby rendered tortuous, while at the same time the nerres are in- 
creased in number, that the number of the nerves of the skin and 
subeutaneons tissues is greater than under normal conditions. The con- 
dition must, therefore, be regarded as one of true neuroma, a neuroma 
verum associated with a fibromatosis. The nerves are for the greater part 
medullated (newroma myelinicum). It is very difficult to determine to 
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glion-cells. These tumors consist of connective tissue, non-medullated 
and medullated nerve-fibres, and ganglion-cells which resemble those of 
the sympathetic ganglia. 

Both the neurofibroma and the true neuroma are, as regards their origin, 
to be referred to a congenital anlage. They form no metastases, but cases 
occur in which neurofibromata take on a sarcomatous character and 
thereby become malignant. 
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(k) Sarcoma. 


§ 113. A sarcoma is a connective-tissue tumor whose elements, either 
because of their number or often because of their size, predominate over the 
intercellular substance, Sarcomata are closely related to the undeveloped 
connective tissues, so that sarcomatous tissue may be compared with em- 
bryonal tissue. 

Sarcomata develop either in previously normal tissue belonging to 
the connective-tissue group—as, for example, in the skin, subcutaneous 
tissue, intermuscular connective tissue, periosteum, spinal cord, menin- 
ges, connective tissue of the glands, etc.—or in some preéxisting con- 
nective-tissue tumor, as a fibroma, myoma, chondroma, hypertrophic 
lymphangioma, ete. The transformation of the parent tissue into tumor 


SARCOMA. 415 


tissue takes place through the growth and multiplication of the existing 
cells. The division of the cells takes place chiefly by mitosis, and mitoses 
are the more abundant the more rapid the growth of the tumor. In 
addition to typical mitoses there are frequently observed atypical forms, 
also nuclear fragmentation, and more rarely segmentation. 

In their fully developed state sarcomata form more or less sharply 
circumscribed growths. They may appear in any portion of the body 
where connective tissue is present; but are found in certain tissues more 
frequently than in others. Thus, for example, they are found much 
oftener in the skin, fascia, intermuscular connective tissue, bone-mar- 
row, periosteum, brain, and ovaries, than in the liver, intestines, uterus, 
and lungs. 

The development and form of the cells vary greatly in different 
sarcomata. The intercellular substance is sometimes very scanty, soft, 
and delicate; at other times more abundant and in character resembling 
the ground-substance of the mature normal connective-tissue substances. 

The amount of the intercellular substance has a marked influence 
upon the consistence and color of the tumor. The medullary forms are 
soft and very cellular, and poor in intercellular substance; on section 
they present a marrow-like white or grayish-white surface. The hard, 
dense forms, on the other hand, are poor in cellsand rich in fibrous inter- 
cellular substance; they pass by insensible gradations into fibromata. 
Transition-forms are known as fibrosarcomata. The cut surface of a 
sarcoma presents a nearly uniform appearance, in case retrograde changes 
or differences in the blood-content do not cause alterations of the same; 
it is usually uniformly smooth, in the medullary forms milk-white, in 
the firmer varieties clear grayish-white, somewhat translucent, or more 
of a clear grayish-red or grayish-brown color. The hard forms are glis- 
tening white or yellowish- white. 

The development of the blood-vessels varies greatly ; sometimes the 
vessels are very numerous, large, and ectatie (teleangiectatic sarcoma). 
Usually the vessels have walls easily distinguishable from the tumor tis- 
sue; but the tumor-cells may also constitute the outer cells of the vessel- 
wall; and in such a case the cells of the vessel-walls also take part in 
the growth of the tumor. Lymph vessels have not been demonstrated in 
sarcomata. 

Retrograde changes—such as fatty degeneration, mucous degenera- 
tion, liquefaction, caseation, necrosis, hemorrhage, gangrene, ulceration, 
etc.—are of frequent occurrence in sarcomata. 

The sarcomatous tumors may be divided into three classes. The first 
of these includes the simple sarcomata, or sarcomata in the narrower sense 
—that is, tumors of the type of embryonal connective tissue, showing a 
more or less uniform distribution of the cells without the formation of 
distinct groups of cells. The second class includes those sarcomata 
which show a special arrangement and grouping of the individual elements, so 
that tumor-formations arise which are very similar to the epithelial 
tumors. The third class is characterized by the appearance of secondary 
changes in the cells, in the intercellular substance, and in the blood-vessels, these 
changes giving to the tumors concerned a characteristic appearance. 

The etiology of sarcoma is not a simple one. Itoccurs more frequently 
in youth than in old age. Some sarcomata develop even in embryonic 
life, and the origin of such may be referred to some local malformation. 
Occasionally trauma appears to be an exciting cause. <A parasitic origin 
has not been demonstrated (see Etiology of Carcinoma). Usually only 
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one primary tumor is formed, but multiple primary sarcomata sometimes 
occur, particularly in the skin and bone-marrow. The softer tumors 
give rise to metastases. 

§ 114. The simple sarcomata include both soft medullary forms 
and those of a firmer consistence, which pass by insensible degrees of 
transition into the fibrosarcomata and fibromata. According to the char- 
acter of the cells, several forms may be distinguished. 

The small round-celled sarcomata are very soft, quickly growing 
tumors, which develop particularly in the connective tissue of the motor 
apparatus and supporting framework, and also in the skin, testicles, 
ovaries, and lymph-glands. On section they appear milky-white, and 
occasionally present caseous or softened areas. When scraped the cut 
surface yields a milky fluid. Their structure is very simple; the tumors 
consist. almost wholly of round cells and blood-vessels (Fig. 279, e). 
The cells are small and frail; they possess very little protoplasm, and 
have spherical or slightly oval, rather large, bladder-shaped nuclei (¢), 
which appear to be more highly developed than the nuclei of lymphoid 
cells. 

Between the cells lies a very scanty amount of fibrogranular intercel- 
lular substance. The vessels traverse the masses of cells in the form of 
thin-walled canals. If such a tumor growing in muscle be examined at 
its periphery it appears as an aggregation of round cells (Fig. 279, b, c) 
in the intermuseular connective tissue. Not infrequently lymphoid 
cells lie near the tumor-cells, the nuclei of the former (d) staining more 
intensely than those of the tumor-cells. 

A second form of round-cell sarcoma is designated lymphosarcoma 
or sarcoma lymphadenoides ; it imitates to a certain extent the struc- 





re, 200, Fra. 20. 
|. Section through the edge of a sarcoma of the intermuscular connective tissue of the cervical 
ohol, carmine). <, Transverse section of normal muscle; a), transverse section of an atrophic 










und cells of the surcoma, between the muscle-fibres;'¢, fully developed tumor; d, leu- 


tion from a lymphosarvoma of the nasal mucous membrane (alcohol, carmine). «1, Retic- 
f the reticuluin; c, round cells; a (at the upper left), blood-vessel with proliferating 


ture of alymph-gland in that the stroma for the greater part of the 
round cells consists of a vascular reticulum (Fig. 280, a), which in part 
at least is composed of branching and anastomosing cells (b), as may be 
demonstrated by shaking a small section of the tumor in a test-tube. 
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According to the amount of the reticulum which they possess, the 
lymphosarcomata may be divided into the soft and hard forms. In the 
denser varieties the reticular framework may take on more and more 
the appearance of ordinary fibrous connective tissue. 

Lymphosarcomata arise most frequently in the lymph-glands and the 
adenoid tissue of the mucous membranes, in the spleen and medias- 


‘Fra. Sl. 
7G, 281.—Section from a fungold large round-celled sarcoma of the skin of the leg (carmine preparation). 


Fin, 32. Section from # sarcoma of the mamma with cells of different shapes (alcohol, Bismarck- 
brown). a, Connective tissue ; }, sarcoma tissue ; c, small cells; d, cells with hypertrophic nuclel: ¢, mul- 
inuelenr cells. 300. 
tinum, but are found also in other places. The tumor-proliferation in- 
volves successively a more or less considerable portion of the Iymph- 
adenoid tissues named. 

Large round-celled sarcomata, the cells of which are much larger 
than those of the forms just described, appear in the same places as do 
the small round-celled variety, and closely resemble the latter. The cells 
possess an abundant protoplasm and large, bladder-like, ova! nuclei (Fig. 
281). Many of the cells have two nuclei, some more than two, Between 
the round cells there lies a reticulated intercellular substance (Fig. 281), 
as well as spindle-shaped and branched cells, which together form an 
alveolar network in whose meshes lie the large round epithelial-like cells. 
Such tumors are designated large round-celled alveolar sarcomata (Billroth), 

In other forms of large round-celled sarcomata the tumor-cells are 
very unequal in size (Fig. 282), and at the same time there are mingled 
with the round cells elongated or irregularly shaped cells, so that the 
tumor may be ealled also a sarcoma with polymorphous cells. The 
nuclei likewise yary greatly in size (Fig. 282), and in individual cells (e) 
may be present in large numbers (multinuclear giant-cells). 

round-celled sareomata and the polymorphons-celled vari- 
ety are on the whole less malignant than the small-celled, but they also 
give rise to metastases, 

Spindle-celled sarcomata belong to the most commonly occurring 
tumors. As a rule, they are much firmer than the round-celled forms, 
but soft medullary forms also occur. On section they present ordinarily 
a grayish-white or yellowish-white, rather translucent surface, which 
may be more or less reddened according to its vascularity. Medullary 
tumors whose cells have undergone fatty degeneration may possess a 
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pure white color. In general, these surcomata are more benign than the 
round-celled varieties, but their character in this respect varies according 
to their location and their richness in cells. 

According to the size of the cells there may be distinguished large 
spindled-celled and small spindle-celled sarcomata. Through the teas- 
ing of small pieces of the tumor the cells may in part be isolated, and in 
this way very long spindles may be obtained (Fig. 283). The cells lie 
side by side with their flat sides approximated, and are grouped in bun- 
dles, which, in sections, are cut partly longitudinally, partly transversely, 
and partly obliquely—evidence that they are interwoven in different 
directions. 

The arrangement of the spindles in bundles is often very striking; 
in other cases it is wanting; and the spindles for considerable distances 
run in the same direction, Sometimes the direction of the spindles is 
determined by the direction of the blood-vessels—that is, the individual 
bundles form sheaths about their respective blood-vessels. 

Between the spindles there is often but a very scanty intercellular 
substance, or it may not be possible to demonstrate in sections the pres- 
ence of such. In other cases it may be more abundant, and show a fibril- 
lar character. The cells in such cases have less protoplasm, so that often 
it is scarcely possible to demonstrate any protoplasm around the nucleus, 
and the processes at the poles of the cells seem to spring directly from 
the nucleus (nuclear fibres). Such varieties are dense and hard. They 
represent the connecting-link be- 
tween sarcomata and fibromata, 
and are designated fibrosarcomata. 

Sarcomata with polymorphous 





FIG, 28, Fra. 2M, 
Fig. 243. Spindle-cells from n large spindle-elled sarcoma of the cheek (teased preparation). x 40. 
Fig, 334. -Cells froin a myelogenous giant-celled sarcoma of the tibia, (Hamatoxylin.) < 400. 


cells are found also among the spindle-celled forms; and contain spin- 
dle-shaped, pyramidal, prismatic, stellate, and very irregular cell-forms. 
(Fig. 284). 

Both in polymorphous- and spindle-celled sarcomata there may be 
found more or less numerous giant cells (Figs. 282, 284, and 285), so that 
the designation giant-celled sarcoma may be applied to these tumors. 
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They arise particularly from the bones, but they may occur also in other 
laces, 


If asarcoma develops in preéxisting new-growths there may be formed 
mixed tumors, which are known as myxosarcoma (Fig. 243), chondro- 


Fig. 285.—Giant-celled sarcoma of the upper jaw (Müller's Muid, hematoxylin). x 100, 


sarcoma (Fig. 248), myosarcoma, etc. The formation of bone within 
a sarcoma leads to the formation of an osteosarcoma. 


The lymphosarcoma of the Iymph-glands and lymphadenoid apparatus of the spleen 
and the mucous membrane fe the gastrointestinal tract gives rise 10 a peculiar disease of 
these organs, which is characterized by a progressive increase of the lymphadenoid 
tissue, leading to the formation of extensive nodules. Under these circumstances the 
characteristic structure of the lymphadenoid apparatus is lost, and the newly-formed 
tissue shows a marked departure from the structure of typical lymphadenoid tissue— 
mney: a fibrous thickening ot the reticulum or the formation of giant-cells. Since 
similar growths occur also in other organs, such as the liver, the disease cannot be 
looked upon as a pure hypertrophy of lymphadenoid tissue, but is closely related to 
tumor-formation. It is also possible that it is an infectious disease. Likewise the 
Cee sn att which is characterized by the formation of nu- 
merous round-celled nodules in the skin, shows peculiarities which suggest an in- 
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$ 115. Sarcomata which present an organoid structure appear in 
those forms known as alveolar and tubular sarcomata. These are con- 
‚ nective-tissue tumors in which the cellular elements, especially the larger 
cells, are arranged in groups, so that it is possible to distinguish a vas- 
cular connective-tissue stroma and strands or nests of cells. According to 
their genesis, these growths may be divided into two types: lymphangiosar- 
coma and hamangiosarcoma. There are, however, also alveolar sarcomata 
“ which possess stroma and cell-nests, but which, in so far as their devel- 
opment is concerned, cannot be included with the above-named types. 

The lymphangiosarcomata are tumors which arise from a prolifera- 
tion of the endothelium of the lymph-vessels and lymph-spaces. They may 
accordingly be designated as lymphangioendotheliomata or as endo- 
theliomata in the narrower sense. They may develop either in previously 
normal tissue, or in preexisting tumor-like formations, such as the hy- 
pertrophie lymphangioma in particular (pigmented moles and warts, 
see $109), and also from myxochondromata. The first occur particularly 
in the meninges of the brain, and in the serous membranes of the great 
body-cavities; but may develop also in other organs; the second are 
found chiefly in the skin; while those arising from myxochondromata 
develop in the mixed tumors of the salivary glands, palate, and orbit. 

The endotheliomata of the inner meninges of the brain and spinal cord 
occur partly as nodular growths and partly as flattened proliferations; 
they develop through the transformation of the flattened endothelium, 
which covers the connective-tissue network of the subarachnoideal tissue 
and pia, into cubical or even cylindrical cells (Fig. 286, d, e). In con- 
sequence, the new-growth at first presents the appearance of gland-like 
Formations ; in the event of a more active proliferation solid nests of cells 
are formed. Inasmuch as the pia is continued as a lymph-sheath around 
the cerebral vessels, there are formed around the latter strands of large 
epithelial-like cells (Fig. 286, f, 9, h). 

The endothelioma of the dura mater arises through a proliferation of the 
endothelium of the lymph-vessels, and leads, through the filling up of 
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branes, and adipose tissue (Fig. 296) are spotted black through the for- 
mation of innumerable metastases. 

Chloromata are tumors the cut surface of which presents a light- 
green color which on exposure to the air takes on a dirty appearance. 


Pia, 28.—Metastasis of a melanotic sarcoma of the skin In the mesentery of the stall intestine (forma- 
I ine). u, Peritoneum ; D, fat tissue; c, sarcoma nodule; d, isolated chromatophores, X ZU, 


tn, 
They develop most frequently from the periosteum of the cranium; 
and consist of tissue made up of round cells and a reticular stroma. 
They may, therefore, be classed with the lymphosarcomata, 

Aceording to Chiari and Gruber, the green color is due to the pres- 
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Ribbert regards the melanosarcoma as an especial form of tumor arising from the 
chromatophores, and would for this reason separate it from the sarcomata as an individ- 
ual tumor-type. It is to be noted, however, that in the development of the melanotic 
sarcoma other cells besides the chromatophores take on proliferative activity: so that 
melanotic sarcomata can be regarded only as sarcomata in whose development certain 
cells, which possess the power to form pigment, have taken part. 
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replaced the cylindrical epithelium, and under especial conditions (chronic inflamma- 
tions) produces the formations above described. It is probable that in rare cases they 
arise from epidermoidal cells which during the period of embryonic development have 
found their way into the cavities in question. 

The intracranial cholesteatomata are found at the base of the brain (very rarely in the 
spinal canal), in the region of the olfactory lobe, tuber cinereum, corpus callosum, in 
the choroid plexus, in the pons, medulla oblongata, and cerebellum. In these regions 
the cholesteatomata appear on the surface as silk-like, shining nodules of varying size 
which extend more or less deeply into the brain-substance. The nodules are single, 
but cholesteatoma-masses may become separated from the chief nodule and displaced 
into the neighboring tissue. According to Doström, it is always possible to demon- 
strate, at some point, a connection between the pia and the cholesteatoma, where the 
scales composing the cholesteatoma take their origin from a cell-layer lying upon the 
vascular connective tissue, the cells of this layer throughout bearing the character of 
epidermoidal cells. The cholesteatomata of the pia may therefore be designated as 
epttheliomata or as epidermoids (Bostrom); and their origin may be explained by the as- 
sumption that in the carly period of development epidermal germs are misplaced into 
the anlage of the pia. According to Bostrom, this takes place in the time between the 
closure of the medullary canal and the separation (by a process of constriction) of the 
secondary vesicle of the fore-brain from the fore-brain or the ’tween-brain, and the separa- 
tion of the after-brain vesicle from the hind-brain (fourth to fifth week). hese 
epiderinoids may therefore be classed with the teratoid tumors (see Teratoma). 
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x 120. The adenomata are usually nodular tumors with sharply 
detined borders; and are situated within glands, or in the skin or mucous 
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normal gland tissue. The cause of the new-formation of gland tissue 
within normal organs is wholly unknown. Glandular new-formations 
developing in tissues which have been altered by inflammation, and 
which lead to tumor-like growths, may in the beginning bear the charac- 
ter of a regenerative or hyperplastic new-formation, and for this reason 
the adenomata cannot be sharply differentiated from regenerative and hyper- 
plastic proliferations. 

Tubular adenomata represent the most common form of the adeno- 
mata. They occur particularly in mucous membranes (Figs. 306 ; 307, 7°) 
provided with tubular glands (intestine, uterus); but are found also in 
such glands as the breast (Fig. 308), liver, ovary, and not infrequently 
in the kidneys. They are characterized by the formation of simple and 
branched gland-tubules (Figs. 306, a,b; 307 f; and 308, a, b) which are 
lined by simple columnar or cubical epithelium and form nodular tumors 
varying in size from that of a pea to that of an apple or a man’s fist, or 
rarely even larger. 

The alveolar adenomata arise from glands (mamma, ovary, thyroid, 
sebaceous glands); and are characterized by the formation of numerous 
terminal berry-like alveoli (Fig. 309, a), as well as gland-ducts (>). 

Papillary adenomata arise through the formation within the tubules 
of an adenoma, of little elevations of epithelium into each of which a 
connective-tissue papilla grows. Through the extensive formation of 
such papille the gland-tubules may become wholly filled or even dilated 
(Fig. 310, b, e). : : 

The stroma of an adenoma is at times well developed, at other times 
but slightly, and consequently adenomata may be divided into hard 
(mammary gland) and soft varieties (kidney, liver, ovary, testicle). An 














— Adenoma renum 
‘muious gland-tubule 





pulare pupllliferum (Miller's Ould, hematoxylin). a, Connective-tissue 
€, gland-tubnles with marked development of paplliary excreseences, 








especially marked development of the connective tissue leads to the for- 
mation of fibro-adenomata or fibrous adenomata. Such forms occur most 
in the mammary gland. 

s happens not infrequently in the mammary gland, the connee- 
e-tissue proliferation in an adenoma is not of a diffuse character but 
takes place particularly around the canaliculi (see Fig. 241), the tumor 
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$121. A cystadenoma or adenocystoma is an adenoma whose gland- 
spaces hare undergone eystie dilatation through the accumulation of secretions. 
Such tumors are usually com- 
posed of numerous eysts, and 
are, therefore, designated as 
multilocular cystomata. Ac- 
cording to the character of the 
eyst-wall there may be distin- 
guished a smooth-wailed or simple 
eystoma (cystoma simpler), or a 
papilliferous cystoma (cystoma pap- 
illiferum). 

Small amounts of seeretion 
are often seen in the ordinary 
adenomata (Fig. 306), and the 
spaces of both simple and pap- 
y adenomata are often so 
wide (Figs. 308, a; 311) that 
they at once attract the eye on 
section of the growth. In 
lenomata such eyst-forma- 
tion is the predominating feat- 
ure, 
rysts are represented by gland-tubules of vary- 
13, 6), which lie in a more or less richly 
issue stroma, ‘Through the accumulation of secre- 
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tion these tubules become gradually dilated so that numerous small 
arise (Fig. 314), or else both large and small cysts (Figs. 315-319) are 


€ 2 
Fra. 319.—Adenocystomn, of the bile-nassages In the first stares of development (alcohol, baematoxstin), 
a, Liver tissue; b, wlenoma Ussne In the periportal 3 


vonneetlve tissue. x 0, 


formed. Often the relationship is such that the tumor may consist of a 
few large eysts (Fig. 318) in whose walls smaller cysts occur; or there 


FIG. SU. Fro, 313, 
10, 814.—Section of a portion of a multilocular adenocystoma of the ovary. Reduced about one-sixth, 
FiG. 316,—Section through an adenocystoma of the testis of a four-yearold boy. Natural size. 
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replaced the cylindrical epithelium, and under especial conditions (chronic inflamma- 
tions) produces the formations above described. It is probable that in rare cases they 
arise from epidermoidal cells which during the period of embryonic development have 
found their way into the cavities in question. 

The tntracrantal cholesteatomata are found at the base of the brain (very rarely in the 
spinal canal), in the region of the olfactory lobe, tuber cinereum, corpus callosum, in 
the choroid plexus, in the pons, medulla oblongata, and cerebellum. In these regions 
the cholesteatomata appear on the surface as silk-like, shining nodules of varying size 
which extend more or less deeply into the brain-substance. The nodules are single, 
but cholesteatoma-masses may become separated from the chief nodule and displaced 
into the neighboring tissue. . According to Dustrom, it is always possible to demon- 
strate, at some point, a connection between the pia and the cholesteatoma, where the 
scales composing the cholesteatoma take their origin from a cell-layer lying upon the 
vascular connective tissue, the cells of this layer throughout bearing the character of 
epidermoidal cells. The cholesteatomata of the pia may therefore be designated as 
rpitheliomata or as epidermoids (Boströn); and their origin may be explained by the as- 
sumption that in the early period of development epidermal germs are misplaced into 
the anlage of the pia. According to Bostrom, this takes place in the time between the 
closure of the medullary canal and the separation (by a process of constriction) of the 
secondary vesicle of the fore-brain from the fore-brain or the ‘'tween- brain, and the separa- 
tion of the after-brain vesicle from the hind-brain (fourth to fifth week). These 
epiderinoids may therefore be classed with the teratoid tumors (see Teratoma). 
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x 120. The adenomata are usually nodular Tumors with sharply 
defined borders; and are situated within glands, or in the skin or mucous 
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$ 121. A cystadenoma or adenocystoma is an adenoma ıchose gland- 
spaces have undergone cystic dilatation through the accunulation of secretions. 
Such tumors are usually com- 
posed of mero: and 
are, therefore, desi as 
multilocular cystomata. \c- 
cording to the character of the 
eyst-wall there may be distin- 
guished a smooth-walled or simple 
eystoma (cystoma simpler), or a 
papilliferous eystoma (cystoma pap- 
illiferum). 

Small amounts of secretion 
are often seen in the ordinary 
adenomata (Fig. 306), and the 
spaces of both simple and pap- 
adenomata are often so 

igs. 308, a; 311) that 
at once attract the eye on 
section of the growth. In 
eystadenomata such eyst-forma- 
tion is the predominating feat- 
ure. 
ges of the eysts are represented by gland-tubules of vary- 
312 and 313, 6), which lie in a more or less richly 
issue stroma. ‘Through the accumulation of seere- 
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tion these tubules become gradually dilated so that numerous small eysts 
arise (Fig. 314), or else both large and small cysts (Figs. 315-319) are 


Wi. SIR: —Adanocyytama of the Uile-passanes In the fret stares of development (alcohol, 
a, Liver tissue; D, adenoma tissue in the periportal connective tissue. <1). 


formed. Often the relationship is such that the tumor may consist of a 
few large eysts (Fig. 318) in whose walls smaller cysts occur; or there 


Fig. 314, Pig. 315. 


Fra. 314.—Section of n portion of n multilocular adenoeystoma of the ovary, Reduced about one-sixth, 
Fıa, 815.—Seetion through an adenocystoma of the testis of a four-year-old boy. Natural size, 
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may be found, by the side of large cysts (Fig. 316, ¢), portions of tissue, 
which contain only small cysts (e) or even appear solid —that is, consist- 
ing of a tissue the glands of which are not dilated. 


E16. BB Adenoeystomn orurtt partim simplex. parttm papliliferum. a, Smooth-walled cysts: b. soft 
papillary growth covered. with simples mucous-forming cylindrical epithelium. (Metastatie nodules were 
Present In the peritoneum.) Reduced one-third 


All the different varieties of cystomata may develop in the ovaries 
(Figs. 314 and 318), testicles (Fig. 315), liver (Figs. 313 and 316), kid- 
neys (Fig. 317), and the mammary glands. 


Yio. M9.—Portion of u papiilary adengeystomn vf the nrary, won I ser. (Draven from a speciiien 
‘bardeged In elrowle acid.) Pour-fifths natural size, 
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ance similar to that of a mucous membrane. If the exerescences develop 
in cysts of small size, they may fill these, and the tissue may thereby take 
on the appearance of a dense, non-cystic, medullary tumor, though from 

ı the cut surface more or Jess mucus can usually be obtained. 
Larger papill are always more or less branched (Fig. 320), and con- 
sist of a cellular stroma (a), whose surface is usually covered with tall 


Fic. Bl. of the with my the connective tissue 
Be RE Bene fetes 
myxomatous change; ¢, epithelfun. 


columnar cells (¢) of the character of goblet-cells. The contents of the 
cysts consist of ropy mucus (d) mingled with more or less numerous 
desquamated cells which have undergone mucous degeneration, or the 
remains of such cells. In rare cases the connective tissue of the papille 
may undergo a mucous degeneration (Fig. 321, a, b), and may swell to a 
marked degree, and finally become changed into myxomatous spheres 
covered externally with epithelium. 

Adenocystomata of the liver, testicles, and kidneys usually form no 
papille, or at most very small ones. In the papillary adenocystomata of 
the mammary gland the excrescences are usually broad and plump (Fig. 
322), as is the case with those of the papillary adenomata (Fig. 311). 
Accordingly, on the cross-section of such tumors the eyst-spaces are found 
to be filled with polypoid proliferations of various forms (Fig. 322), 
which are often flattened through mutual pressure, and give to the sur- 
face of such a cross-section a laminated appearance. 

Since in these tumors the connective-tissue elements predominate over 
the epithelial, these growths are often classed with the connective-tissue 
tumors, and designated, according to the character of the connective tis- 
sue, as cystofibroma, cystomyxoma, or cystosarcoma. When showing a 
structure of leaf-like layers they have received the name of sarcoma 
phyllodes. 

The papillary adenoeystomata show a certain malignancy, even when 
the papille are covered with a simple epithelium (see eystocareinoma). 
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(ce) Carcinoma and Oystocas einoma. 


x 122. The carcinomata are malignant epithelial tumora characterized 
by infiltrative growth and the formation of metastases. 

They develop: 

(1) In the skin, mucous membranes and in glands, all of which ap- 
peared to be normal, before the development of the eareinoma. 

(2) In the skin, mucous membranes, and in glands, which have 
already suffered changes before the development of the ecareinoma. 

(3) In already existing papillary epitheliomata, adenomata and ade- 
nocystomata. 

(4) From the remains of foetal epithelial structures, and from epithe- 
lial tissues which have been misplaced through disturbances of develop- 
ment, and have already developed into pathologieal formations. 

(5) From the epithelial tissues of the chorionic villi and placenta. 

The most essential characteristic of the development of a carcinoma 
is that presented by atypical proliferations of epithelium which sooner 
or later penetrate into the tissue bordering upon the affected glands 
or surface-epithelium. This phenomenon is usually accompanied by a 
proliferation of connective tissue ; but this is not absolutely essential 
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to the development of a carcinoma. Thetissue invaded by the epithelial 
proliferation—whether glandular tissue, muscle, bone, etc.—is sooner or 
later destroyed by the growth. 

The cause of the atypical growth of epithelium is not known with 
certainty; it can only be said that certain conditions favor such growth. 
Thus, for example, old age predisposes to the development of carcinomata 
of the skin, inasmuch as in this period of life the connective tissue of the 
skin undergoes a certain amount of atrophy and becomes looser in struct- 
ure, while the epithelium, at least in part, continues to increase, and 
under certain conditions shows here and there distinct evidences of 
increased activity (formation of heavier hairs upon the nasal septum, 
lobes of the ears, and in the eyebrows). Likewise carcinomata of the 
mucous membranes and the glands usually appear in the later years of 
life, although they may occur earlier in life, even in childhood. 

Further, the misplacement and separation of epithelium predisposes to 
the formation of cancer. Such condition may easily happen during the 
healing of ulcers, and also at the borders or on the surface of both infec- 
tious and non-infectious growths of granulation-tissue. Consequently 
carcinomata not infrequently arise in wlcers, scars, infective granulomata 
(for example, in tuberculous lupus of the skin and mucous membranes), 
or in tissues which have been changed by inflammation of any kind (for exam- 
ple, in a cirrhotic liver). 

All these predisposing factors do not constitute the unique cause of 
the development of a carcinoma. They may exist for a long time with- 
out giving rise to a cancer. It appears that something else must be 
added to cause the unlimited atypical proliferation of epithelium, and 
what this something is, is at present unknown. 

In recent years the opinion has been many times advanced and main- 
tained that parasites cause carcinomatous and sarcomatous prolifer- 
ations. But the majority of the appearances which have been described 
as parasites (as protozoa, especially sporozoa, and as yeast-fungi) have 
not been parasites at all, but degenerated nuclei and nuclear division- 
figures, or leucocytes inclosed within tumor- cells, or degeneration-prod- 
ucts of such, or products of cell-protoplasm, particularly keratohyalin 
and colloid, or epithelial hyalin and mucin. In the few cases in which 
‚true parasites were present in the tissues, this occurrence could very well 
have been a secondary infection, which in no way could be regarded as a 
cause of the development of the tumor. Jn not a single case has it been 
proved beyond all doubt that parasites have been the cause of either carcinoma 
or sarcoma, | 

Certain portions of the intestinal tract—the rectum, the flexures of 
the colon, the pylorus and cardia of the stomach, the csophagus, 
pharynx, tongue, and | 
cancer. Cancer may develop in any portion of the skin, but it oceurs 
more frequently on the lips and nose than on the remaining portions of 
the face, or on the extremities, and on these again more frequently than 
on the trunk. Of thesexual apparatusthe parts most commonly affected 
are the mammary gland and cervical portion of the uterus; less fre- 
quently, though relatively often, the ovary, testicles, body of the uterus, 
vulva, vagina, and penis. The liver, kidneys, bladder, trachea, bronchi, 
lungs and panereas occupy a middle ground; while the larynx and 
gall-bladder are, on the other hand, more frequently affected. 

Cancer usually develops in the form of nodules, which are not sharply 
differentiated from the neighboring tissues; on the mucous membranes 
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they are not infrequently elevated above the surface in the form of 
sponge-like, or polypoid, or papillary growths. From the point of origin 
they spread by an infiltrative growth of the epithelial proliferations, 
by which either the nodules increase in size or there are formed diffuse 
superfiei ial thickenings, as in the case of the intestinal wall. Theovaries, 
testicles, uterus, kidneys, etc., may be partly or wholly transformed into 
carcinomatous tissue. Often the boundaries of the organ originally 
affected are overstepped, and the epithelial infiltration extends into 
neighboring tissues and organs. Thus, for example, a carcinoma of the 
mamma may infiltrate the neighboring fat, skin, and muscle; one of the 
gums, the maxillary bone; one of the uterus, the vagina, parametrium, 
bladder, and rectum; a cancer of the gall-bladder may involve the liver; 
one of the thyroid, the trachea; and one arising in the bronchi, the 
lungs, ete. 

The formation of metastases may take place either through the 
lymph- or blood-vessels, and is of very frequent occurrence by both 
routes. It leads to the development of secondary nodules in different 
organs; but it may happen that large lymphatic areas—as, for example, 
the lvmphatics of the lung—may be simply dilated by the new-growth, 
without the formation of circumscribed nodules. The transportation of 
cancer-cells to the bone-marrow may lead to a carcinomatous degener- 
ation of the marrow of an entire bone or of several associated bones. 
Moreover, it should be noted that probably not every transportation of 
cancer-cells is followed by the development of a cancer, but that many 
of the cells so transplanted die. 

The tissue of a carcinoma is sometimes white and soft like marrow, 
sometimes firm and dense; but it is almost always possible to obtain from 
the cut surface more or less of a whitish, cloudy fluid called cancer juice 
or cancer milk, Very often the cut surface presents a tough, fibrous 
framework in the meshes of which the softer masses lie; and from which 
the latter may be squeezed out by pressure either in the form of fluid, or 
as plugs or as crumbling masses. ° 

The masses obtained from the cut surface through pressure and scrap- 
ing consist, for the chief part, of atypically proliferating epithelial 
cells, the so-called cancer-cells, which are found in a great variety of 
forms, and usually show degenerative changes, particularly fatty de- 
generation. A true secretion of these epithelial cells is usually not 
found; but cancers oecur—particularly in the mucous membranes, 
ovaries, mammary glands, and thyroid—which produce mucin, pseudo- 
mucin, orcolloid. Theamount of secretion may at times be so abundant 
as to lead to the formation of eysts and thereby to cystocarcinoma, 

Retrograde changes occur very often in cancers at an early stage. 
They are caused partly by the feeble vitality of the new-growth, partly 
by circulatory disturbances, which may be due to the filling-up of capil- 
laries and veins by the ingrowing cancer-cells, and partly by external 
causes. These changes lead, in the first place, to a destruction of cancer- 
cells in certain portions of the tumor, so that, after resorption of the dead 
material, the tissues often sink in, and in this way depressions are caused 
over the surface of the tumor-nodules. Such depressed areas are seen 
particularly upon primary cancer-nodules in the mammary gland, and 
on secondary nodules in the liver, lungs, and other internal organs, and 
are often spoken of as cancer-umbilications. 

The retrograde changes often lead to complete destruction of tumor- 
tissue, and thereby to the formation of ulcers. This oceurs particularly 
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in cancers of the mucous membranes, these growths at the patient’s 
death usually revealing a more or less extensive ulceration; but such 
ulcerations also take place in carcinomata of the mammary glands and 
skin. In the latter situation the cancer may take on the appearance of 
a rodent ulcer. The edge of such ulcers is sometimes elevated and re- 
sembles a wall, or it may be studded with nodules; at other times it is 
‚more sharply defined and only slightly infiltrated. The base of the ulcer 
is sometimes fissured and ragged, and covered with necrotic tissue; at 
other times it 1s smooth. 


The question as to the etiology of carcinoma and sarcoma has led in recent 
years to numerous histological and experimental investigations, and publications in 
this line have been made by Sunfelice, Atevolt, Secchi, Plimmer, Wlaeff, Sjobring, 
Schüller, Curtis, Leopold, Fabre-Domergue, Petersen and Faner, Sternberg, and others. 
While the earlier writers believed that sporozoa were to be regarded as tbe cause of 
carcinoma and sarcoma, recent investigators have sought to prove the etiological rela- 
tionship of ycasts or rhizopods (Sjobring). Against these views, I believe, in common 
with Fubre-Domergue, Sternberg, Petersen, and Exner, that many of the formations 
which have been described as yeasts were not such, but were cell-products resembling 
them. 

Likewise, the appearances described as protozoa are of a very doubtful nature. 
Sjöbring describes them as very delicate, clear bodies which cannot be fixed: Schüller, 
as large, round, bladder-like bodies of a gold-yellow or brownish color. 

The results of attempts at cultivation and of animal experiments have shown only 
that, outside of the human body, perhaps also by chance in tumors, there are forms of 
Succharomycetes (Saccharomyces nevformans of Sanfelice), which when injected into ani- 
mals cause inflammations and proliferations of granulation-tissue, and in part also pro- 

ressive diseases leading after weeks or months to death. The statements of Wlaeff, 
ld, Sanfelice, and others, that they have also produced true tumors, adenomata, 
adenocarcinomata, carcinomata, and sarcomata, give rise to well-founded doubts con- 
cerning the correctness of their interpretations, inasmuch as the appearances described 
may very well have been inflammatory proliferations within which glands have also 
proliferated (intestinal glands, bile-ducts). The assertion of Leopold that he had been 
able, through the injection, into the testicle of a rat, of yeasts cultivated froman ovarian 
cancer, to produce a giant-celled sarcoma in the form of multiple nodules in the peri- 
toneal cavity of the animal, can hardly be taken as evidence of the parasitic nature of 
cancer. Likewise, the statement of Sjöbring that he had been able to produce in four 
mice, by ıncans of rhizopods, a cylindrical-celled and squamous-celled carcinoma, a 
colloid cystoma, and an adenoma of the sebaceous glands respectively, is of no value, 
because of the meagreness and inaccuracy of his description. 
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$ 123. The development of carcinoma of the skin takes place most 
often from the surface epithelium, and is characterized essentially by the 
growth of the interpapillary portions of the same into the deeper por- 
tions of the skin, in the forın of epithelial plugs (Fig. 323, d) which fill 
up the connective-tissue spaces. The stratum corneum (ec) may also 
undergo hypertrophy along with the cells of the rete Malpighii, and 
penetrate into the deeper tissues with the epithelial plugs (d). More- 
over, the horny cells which get into the deeper tissues may form epithelial 
pearls (e). 

Besides the surface-epithelium, the epithelium of the hair-follicles and 
sebaceous glands may also take part in the development of the cancer; 
and there occur carcinomata of the skin, which develop entirely from 
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the sebaceous glands, and therefore should be classed with the gland- 
cancers. 

The connective tissue may remain entirely passive during the ingrowth 
of the epithelium, but is sooner or later excited to growth (Fig. 324, a), 
and the papille often develop into long, branched formations (f). In 
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the proliferating connective tissue there are often found in association 
with the fibroblasts also leucocytes, which may penetrate into the epithe- 
lium. They become especially numerous in the event of tissue-destruc- 
tion, so that under such circumstances the proliferation of the connec- 
tive tissue acquires wholly the character of an inflammatory granulation 
tissue. 

The origin of the carcinomata arising from mucous membranes 
covered with squamous epithelium may be the same as that of a can- 
cer of the skin—that is, it is introduced by a proliferation of the sur) 
epithelium (Fig. 324, a, e). If glands are present they may also take part 
in the derelopment of the cancer. Tt is a remarkable fact that: in the for- 
mation of such a tumor, glands with eylindrieal epithelium may furnish 
epithelial products wh i 
lium. The epithelial prolif 
lead to a diffuse thickening and stratification of the epithelium (Fig. 
324, f), or to the formation of excrescences (e). Later, the proliferating 
epithelium breaks into the connective tissue. 

The connective tissee behaves in the same manner as in the case of 
cancer of the skin. 

The cylindrical-celled carcinomata of the mucous membranes arise 
in the case of the intestine from the tubular glands or from the erypts, the 
epithelium of which at first undergoes an active proliferation, and be- 
comes stratified, while the glands become dilated (Fig. 325, b). Later, 
the glands become changed into branching, atypically formed structures 
(e), which possess an epithelium arranged in many layers, and which 
grow into the neighboring ti: 

In the stomach the gastric gl lands change their character (Fig. 326, 
Jf), and then through a continued growth infiltrate the submucosa (9), 
the muscularis (d), and the serosa (e). 
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stains, in an altered position and arrangement of the cells, and in their changed rela- 
tions toward the surrounding tissues. 

The traumatic displacement of surface-epithelium in wounds may lead to the forma- 
tion of the so-called traumatic epithelial cysts—that is, cysts varying in size from 
that of a hemp-seed to that of a nut, which are lined with epithelium, and, in case they 
arise from the epidermis, contain a pultaceous mass of desquamated epithelium. They 
occur most frequently after puncture-wounds of the volar surface of the fingers and 
in the hollow of the hand. 
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the growth may be called a carcinoma solidum or merely carcinoma. 
‘The presence of a Inmen in the cell-plugs gives to the growth an appear- 


ic, et Adenoearetnoma reet! tubulare tajcobol, alım carmioe)- a, by Epithelial gland-tubulen 
6, €),sirotnn ; d, collections of leucocytes In the gland-tubiles. 


ance resembling anatomically the adenomata, and warrants the desig- 


nation carcinoma adenomatosum or adenocarcinoma (Figs, 325-327). 
According to the character of the epithelial cells and of the cell- 


Fig. 21. Adenocareinoma fundi uteri, a, Stroma; I, euncer-plugs: ¢, Isolated eancer-cells. x 150, 


groups formed by them, as well as the nature of the secondary changes 
oceurring in them, there may be distinguished a number of varieties of 
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The daughter-nodules grow partly by expansion and partly by an 
appositional growth through the infiltration of the neighboring blood- 
vessels and lymph-spaces. 

In general the cancer-metastases retain a nodular form. Inthe serous . 
membranes and in the skin diffuse proliferations of tissue may occur, 





Fra. 30. 
Fro. 360. Metastatie collection of young cancer.cells within a liver-capllary, arising from a primary 
adenocareinoma of the stomach (alcool, Aemaloxylin), ich 


FiG. 351.—Metastatic devel of cancer within the liver-capillaries, 
noma of the pancreas falabol, camo ‘Both connective am eas of ufeinoma Sells have Ge 
‘veloped within the capillaries. X 250. 





leading to dense thickenings which inclose only small cancer-nodules. 
Likewise, the bone-marrow of entire bones or groups of bones may pre- 
sent a diffuse carcinomatosis, in which process there is formed in the 
place of the bone a cancer-tissue, the stroma of which not infrequently 
contains newly-formed osteoid tissue. 

Portions of living cancer-tissue when transplanted from one animal 
to another of the same species may continue to grow and form daughter- 
nodules, in the same manner as in the formation of metastases in the 
individual originally affected. 
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3. THe TERATOID TUMORS AND CYSTS. 


§ 127. Under the head of teratoid tumors and cysts may be grouped 
those tumor-like formations which are characterized by the fact that the 
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tissue-formations of which they are composed either do not occur nor- 
mally at the site in question (heterotopous growth), or at least do not nor- 
mally appear there at the time at which they are found (heterochronous 
growth). Part of the teratoid tumors and cysts, which are classed as 
teratomata in the narrower sense, exhibit, moreover, the peculiarity that 
they are composed of a variety of tissues. 

The teratoid tumors and cysts may be conveniently divided, accord- 
ing to their structure and their origin, into three groups, as follows: 
(1) The simple teratoid tumors ; 
(2) the simple teratoid cysts ; (3) 
the complex teratomata, which in 
part contain tissues derived from 
all the germ-layers. In the last- 
mentioned class there may 
further be distinguished certain 
forms which occur particularly 
in the sexual glands. 

The heterotopous tissue- 
growths, which are classed with 
the teratoid tumors, may occur 
in the most various organs, but 
are more frequently found in 
certain regions than in others. 
Among the more common tu- 
mors of this class are the chon- 
dromata and chondromyxomata 
of the salivary glands and the 
testicle, osteomata of the mus- 
cles, lipomata of the pia mater, 
adenosarcomata of the kidney 
containing striped muscle, and 
the adrenal tumors found in the 
kidney. Among those occurring 
more rarely are the chondromata 
and osteomata of the skin or of 
R the mammary gland, rhabdo- 
in; bron cuwering org the dorsnl wall of the myomata of the testicle, ete. 
saat fama wh a ea pening acid am} ‘The occurrence of tissue-for- 
1 19) instead of Im the second lumbar vertebra: mations in regions in which such 

a Ot the thir And’ touch Tumbar tissues are not normally present 

= feasts of muscles 4¥; Kurt can be explained in part by the 
assumption that cells or groups 

of cells of a tissue have not un- 

dergone a normal differentiation into definite tissue-forms, but retain 
the capacity of forming different kinds of tissues. Nevertheless, in 
many cases the explanation is to be sought. rather in a germinal aber- 
ration or a misplacement of tissue, in that cither in early embryonic 
life embryonal cells of one organ find their way into the anlage of an- 
other organ, or that later, tissues in process of development or already 
formed are displaced from their normal position. The first process ean 
be inferred only from the subsequent appearance of pathological tissue- 
formations; the latter, on the other hand, may at times be recognized, 
later on, in the anatomical relations. Thus, for example, in the retro- 
grade changes occurring in hernias of the sacral portion of the spinal 
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cord adipose tissue (Fig. 352, i) and muscle-tissue (k) may find their way 
into the spinal canal and the arachnoideal sac and grow around the 
nerves. Arnold observed transposition of fat-tissue, gland-tissue, carti- 
lage and neuroglia at the lower end of the trunk, in a case of myelocyst 
with complete absence of the lumbar, sacral, and coccygeal portions of 
the spinal column. He also found in a lipomatous teratoma of the 
frontal region that the intracranial portion of the tumor communicated 
with the extracranial through a defect in the cranium. 

The teratoid cysts may be divided into two great groups: the ecto- 
dermal on the one hand, and the entodermal and mesodermal epithelial cysts 
on the other. 

The ectodermal cysts vary ın size from that of a pea to that of a 
man’s fist. Their walls present ectodermal characteristics, either in that 
they consist only of a smooth connective-tissue membrane, covered with 
stratified squamous cells—the so-called epidermoids; or the cyst walls 
may present all the characteristics of skin—that is, contain papille, seba- 
ceous glands, hair follicles, hairs and sweat-glands, and often also subcu- 
taneous fat—the so-called dermoids or dermoid cysts or dermatocysts. 

The cyst-contents consist either of desquamated horny cells alone, or 
of such cells, fat, and blond hair. 

Epidermoids and dermoids are found chiefly in the skin and subcuta- 
neous tissues, where they present themselves in the form of tumors contain- 
ing a pultaceous material, which resemble atheromata, i.e., tumors caused 
by the retention of secretion in the excretory ducts of the sebaceous 
glands and in the hair-follicles. They are also found at the sides of the 
neck and in the median line either above or below the hyoid bone; 
further, in the thoracic cavity, particularly in the mediastinum, in the peri- 
toneal cavity (rarely), pelvic cellular tissue, coccygeal region, and in the raphé 
of the perineum. Finally, they also appear within the cranium, in the dura 
or in the hypophysis. Of frequent occurrence are the intracranial forma- 
tions which are known as cholesteatoma or as pearl tumors. These 
growths vary in size from that of a pea to that of an apple; they form 
spherical or nodular tumors, having a white satiny surface, and consist 
for the chief part of thin, non-nucleated, scale-like cells, arranged in 
closely crowded lamingz. They are invariably situated at some point on 
the pia (Bostrom), and at such places the vascular pia is covered with 
stratified squamous cells, which in the course of years produce the deli- 
cate epithelial scales of which the tumor is composed. The neighboring 
brain tissue and the arachnoid, which may in part extend over the growth, 
are not concerned in the formation of the horny scales. In rare cases 
cholesteatomata may contain sebaceous material and fine hairs in addition 
to the horny seales and cholesterin. In these cases there may be found 
seated here and there upon the pia dermal structures, i.e., true skin tissue 
containing sebaceous glands and hair-follieles, from which the sebaceous 
material and hairs found in the growth arise. The simple cholesteato- 
mata may therefore be designated as epidermoids (Bostrom), those 
containing hair as dermoids. Cholesteatomata occur at the base of the 
brain, in the neighborhood of the olfactory lobe, tuber cinereum, corpus 
callosum, choroid plexus, pons, medulla oblongata (very rarely in the 
spinal cord), and in the cerebellum. 

The dermoids and epidermoids under consideration doubtless owe 
their origin to a transplantation of epithelial germs to the sites in 
question. In the case of the epidermoids probably only embryonal epi- 
thelial cells are transplanted; in dermoids embryonal dermal tissue is 
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of Gärtner; in the cervix, portio vaginalis, vagina, and hymen they 
arise from the remains of the latter; in the peritoneal cavity in part from 
snared-off portions of the intestine (enteroeysts), or in part from portions 
of the yrachus (wrachus-cysts). Within the glands—for example, the 
liver or the kidneys—portions of the gland-tubules may become con- 
stricted off during the period of development, and later develop into 
eysts (adenocysts). 

Cysts located in the central nervous system or its immediate neigh- 
borhood—for example, at the lower end of the trank—may arise from 
the medullary canal (myeloeysts). 

The origin of the cysts lined with cylindrical epithelium can usually 
be determined only from their position and the character of their walls, 
but in the majority of cases the origin can usually be ascertained beyond 
doubt. The diagnosis can be made with the greatest certainty when the 

. misplacement of the separated portion is slight (Fig. 353, d, e), and when 
the formation still shows clearly the character of the mother-tissue. , 

The significance of ectodermal, entodermal, and mesodermal cysts is 
dependent upon their position, size, and the secondary changes which 
occur in them. Their size varies from that of a pin-head to that of a 
man’s head. Among the secondary changes—aside from inflammation— 
may be mentioned the development of adenomata and careinomata. For 
example, remains of the Wolffian body which are present in the dorsal 
wall of the uterus near the angles of the tubes (von Recklinghausen), or 


oo, FA Adenonin tke remaina of the Wollen body, within the uterine saneculatiee (formalin, aloobél, 
‘haematoxylin, eosin). a, Muscle tissue; by ‘G sections of Vessels, > 100. 


in the broad ligament in the inguinal region (Asehoff, Pick) may give 
rise to adenomata, cystadenomata (Fig. 354, b), or adenomyomata. Der- 
moids may be the seat of development of a squamous-celled cancer (branchio- 
genic and subcutaneous carcinoma); while from separated portions of the 
intestinal mucous membrane (Fig. 353) it is probable that cylindrical- 
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celled carcinomata may take their origin. Cysts, cystadenomata, and car- 
cinomata may develop in the jaw from misplaced portions of the epithelial 
anlage of the teeth. 
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§ 128. Teratoid cysts of a complicated structure and solid tera- 
tomata are found, outside of the sexual glands, in the same regions as 
the simple teratoid cysts, but show a particular predilection for the region 
of the coeeyx. The complex character of the cysts is shown by the pres- 
ence in the cyst-wall of cartilage, bone, fat tissue, mucous glands, smooth 
and striped muscle fibres, nerve-tissue, and tissue of a sarcomatous or 
carcinomatous nature. Dermoid cysts may also contain teeth, and further 
also ciliated epithelial cysts. The solid teratomata oceur, in the first 
place, as hairy polypi (nose, throat, and mouth)—that is, as polypoid fu- 
mors covered with hairy skin, and consisting essentially of adipose 
tissue, which may also contain muscle fibres, cartilage, bones, teeth, and 
eysts. Another group consists of those kidney-tumors which, in addition 
to tubular glands, inclose sarcomatous tissue, cartilage, fibrous tissue, 
wlipose tissue, and muscle tissue, in rare cases also ectodermal tissues. 
In the vagina and cervic uteri of children there oecur tumors, for the 
greater part of a racemose character, which, in addition to connective 
tissue, myxomatous tissue, round and spindle-celled tissue, also contain 
smooth and striped muscle-fibres, and in rare cases also cartilage. Fi- 
nally, there occur tumor-like growths of a very complicated structure in 
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the cranium, thorax, abdomen, neck, lower jaw, and especially in the region 
of the coccyx. They contain the most varied forms of tissue: connective 
tissue, adipose tissue, cartilage, bone, gland tissue, muscle, nerve and 
brain substance, as well as ectodermal and entodermal cysts. They may 
further inclose rudimentary, or completely formed, or at least easily 
recognizable, portions of the body. 

Both the complex teratoid cysts and the solid teratomata are in 
many cases to be regarded as local disturbances of development char- 
acterized by a misplacement of tissue or a separation of tissues by 
constriction within a single individual (monogerminal tissue-implanta- 
tion, autochthonous teratoma). The hairy polypi of the throat, the cystic or 
solid teratomata at the base of the skull or in the hypophysis may be ex- 
plained by the assumption of a misplacement of ectodermal tissue. The 
presence of cartilage and mucous glands in teratoid cysts of the medias- 
tinum may be explained by the proximity of the trachea. The teratoid 
mixed tumors of the kidney may be explained by the assumption that in 
the kidney region, in addition to kidney-tubules and remains of the 
Wolffian body, products of the mesenchyma arising from the myotome 
may undergo proliferation. The occurrence of squamous-celled forma- 
tions in such tumors must depend upon the fact that ectodermal tissue 
has found its way into the kidney anlage. The presence of striped 
muscle-fibres of cartilage in tumors of the vagina and uterus is explaina- 
ble by the assumption of an implantation of myotome or of anlage of the 
vertebra (sclerotome) ; but many writers hold the opinion that striped 
muscle may be formed from unstriped. Wilms believes that the Wolffian 
duct and its development give occasion to and are the cause of the im- 
plantations into the cervix and vagina. In the case of the teratomata of 
the coccygeal region the manifold character of these growths may be ex- 
plained by the fact that portions of the terminal vertebra, of the pelvis, 
and of muscular tissue, as well as remains of the neuroenteric canal, 
the hind-gut, and the medullary canal, take part in the formation of the 
tumor. Inthe intracranial teratomata, as well as in the simple dermoids, 
tissue-implantations probably form the basis for the growth. Moreover, 
there exists indeed the possibility of another mode of origin for these 
growths —namely, the presence of a rudimentary twin, a bigerminal im- 
plantation. Such an assumption is well founded in all those cases in 
which the teratoma contains fully developed or rudimentary parts of the 
body, or tissue-formations which cannot. be explained by the assumption 
of a misplacement of the tissue elements of a single foetus at the spot in 
question. Ekehorn regards the complex dermoids of the mediastium, 
which contain skin, cartilage, bone, and the constituents of mucous mem- 
branes, as bigerminal implantations. Lexer emphasizes such a mode 
of origin for the teratoid mixed tumors of the abdominal cavity (see §§ 
129, 132, and 147). 
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8 129. The teratomata of the ovary and testicle occur partly in the 
fourm of dermoid cysts, and partly as solid tumors in which multiple cys- 
tic formations are present. The dermoid cysts are found chiefly in the 
ovary; the solid tumors in the testicle. 

The so-called dermoid cysts of the ovary form rather thick-walled 
cysts, varying in size from that of a pea to that of a man’s head, and are 
filled with a fatty material containing blond hair. At some point in 
the wall there will be found extending into the cyst-cavity a villus-like, 
nodular, flattened, or septum-like prominence, which is covered with hairs and 
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strated in the case of tumors of large size. Besides the cysts, mucous 
glands may also be found. 

Of the connective-tissue substances, fibrous tissue, myxomatous tissue, 
cartilage (Fig. 357, g, h), and occasionally also muscle (Fig. 358, a), fat 
tissue, and more rarely bone, are present. 

Teratomata of the character of dermoids, containing, as in the case 
of the ovarian dermoids, such structures as skin, brain tissue, cranial 
and tracheal tissues, and more rarely teeth and structures resembling 
the eyes, are of rare occurrence in the testicles, but are found both in 
children and in adults. 

To what extent the different teratomata of the testicles are to be classed 
with the embryomata, or to what extent they can be explained by the 
assumption of tissue implantations at later stages of embryonal develop- 
ment, cannot at present be determined. When elements of all the germ- 
layers are present in the tumor, the assumption is justified that the 
growth belongs to the embryomata or embryoid tumors, and has arisen 
in the same manner as has been assumed in the case of the ovarian der- 
moids. The presence of single tissue-formations—as, for example, of 
cartilage or of muscle—in tumor-formations of a more simple character, 
may be explained by the assumption that such tissues find their way into 
the anlage of the testicle during the period of embryonal development. 


Numerous hypotheses have been advanced concerning the origin of the terato- 
mata of the sexual glands, particularly of the dermoids. Of the more recent investi- 
gations concerning this question, those of Wilma are in particular worthy of consider- 
ation. This author has carried out extensive researches into the structure of these 
growths, and has emphasized with great force that the fact that these tumors contain 
elements of all germ-layers necessitates the assumption of their development from an 
ovum. Sonnet has thrown light upon the question from the standpoint of the em- 
bryologist, and likewise emphesizes the view that the complex teratomata which con- 
tain elements of all germ-layers must arise from an ovum, but that portions alone of a 
ripe and fertilized ovum, as a fertilized polar body, may develop into such an em- 
bryoma. The attempt of Sandler to refer the embryomata of the germinal organs to 
ectodermal implantations occurring accidentally during the development of the um- 
genital system cannot be regarded as successful, inasmuch as the anlage of many 
formations contained in embryomata (teeth, thyroid, eye) cannot possibly be located in 
the region of the urogenital anlage. 
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CHAPTER IX. 


Disturbances of Development and the Resulting 
Malformations. 


{. General Considerations Regarding Disturbances of Development 
and the Origin of Malformations. 


§ 130. After the copulation of the sexual nuclei has taken place, the 
development of the embryo proceeds by a progressive division of nuclei 
and cells, associated with which there arise in an orderly manner especial 
groupings of cell-complexes and differentiation of the same into especial 
tissues and organs. The multiplication of the cells, as well as the devel- 
opment of individual cell-groups into especial organs and parts of the 
body, depends upon intrinsic causes, and is controlled by the character- 
istics which the embryo has received through the transfer of the inherit- 
able paternal or maternal characteristics at the moment of the union of 
the sexual nuclei, which are to be regarded as the carriers of inheritable 
characteristics. It follows, therefore, that the characteristics of the 
species as well as the especial peculiarities of the given individual are in 
general already predetermined in the germ, and the development of the 
embryo proceeds essentially under the control af innate moulding forces. 
Nevertheless, this development is not accomplished without the influence 
of environment, in that the embryo of necessity receives its nourishment 
from the maternal organisın, and at the same time is exposed to mechani- 
cal influences on the part of its membranes and of the uterus. These 
influences may therefore operate to modify the development of the foetus. 

In every species of animal, man ineluded, both the bodily form and 
the configuration of the organs present a particular type, which experience 
has shown constantly to reeur, and which is therefore looked upon as 
normal. If more or less marked departures from this type occur, which 
can be referred to a more or less marked abnormal course of the intra- 
uterine development, the condition is designated as a congenital mal- 
formation. When the departure from the normal structure is very 
marked, so that the affeeted individual is grossly malformed, it is spoken 
of as a monster. 

According to common usage, the term malformation is usually ap- 
plied only to anomalies in the form of the body as a whole, or to single 
parts of it which present to external inspection rather striking departures 
from the normal. It is nevertheless entirely correct to use this term for 
pathological conditions of intrauterine origin, which consist not so much 
in an abnormal change in form, but rather in an incomplete or faulty 
organization of the affeeted part or organ. 

A malformation affecting a single individual is known as a single 
malformation or single monster; one made up from two individuals is 
termed a double malformation or double monster. 

Malformations may mce their origin to either intrinsic or extrinsic causes. 
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As intrinsic causes may be considered all such as already exist in 
the germ, so that in the development of the embryo malformations may 
arise spontaneously without the aid of extrinsic influences. When such 
a malformation occurs for the first time in a family, it must be regarded 
as a primary gern-variation. This may be explained in one of two ways: 
either one or both of the sexual nuclei entering into union may have 
been abnormal, or both may have been normal, but from their union a 
variety has arisen which from one point of view is to be regarded as 
pathological (ef. § 18). 
It is also possible that 
disturbances in the proc- 
esses of fertilization can 
give rise to pathological 
variations. 

If a similar malfor- 
mation has already oc- 
curred in the parent, the 
case may be regarded as 
one of inheritance. If the 
malformation appearing 
is a peculiarity which 
was not present in the 
parents, but did show 
itself in more remote 
ancestors, while want- 
ing in the intermediate 
links, the phenomenon 
is designated as atavism. 

As primary germ- 
variations appear the 
same malformations 
which are also inherit- 
able—that is, only those 
malformations are 


heritable which ori 

ally appeared as primary prunes tone frontal region (itarsdnenasce of ravens areas 
germ - variations, To g.Memuraneus se conn vera, my te con 
such inheritable malfor- with mucous membrane: 2. left, cı TIRht ala nas fr eonnertiven 
mations belong the in. Ye bands. Reduew! one-fourth, 

crease in the number of 

the fingers and tues (polydactylism), malformations of the hands and 
feet, abnormal hairiness, harelip, and certain pathological conditions of 
the nervous system, as, for example, multiple fibromata of the peripheral 
nervés. 

Under extrinsic causes of malformations are to be considered espe- 
cially concussion, pressure, disturbances in the supply of oxygen and nourish- 
ment, and infections. 

Coneussions of the uterus may in all probability directly damage the 
embryo at a very At a later stage of dev elopment the harm- 
ful effects of trauma a : often to be sought in a tearing 
loose of the egg and in deeidual hemorrhages, whereby the nourishment 
of the embryo is disturbed. It is evident that hemorrhages from other 
causes, also changes in and contaminations of the maternal blood, as 
in infections, and, further, pathological conditions of the uterus itself, 
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produce malformations in chicken-embryos through the localized influence of radiant 
heat, variations of temperature, varnishing the eggs, changes of position, injuries, 
removal of a portion of the white of the egg, and by agitation. Rouz, experimenting 
on frogs’ eggs, found that, after destruction of one of the first segmentation-spheres, 
the other continued to develop and formed the half of an embryo, thus demonstrating 
that each of the first two segmentation-cells, corresponding in their position to the right 
and left body-halves, contains within itself the anlage material for the corresponding 
half of the body. But since the body-half which is wanting may later be replaced by 
subsequent development from the undestroyed half, and a whole structure be produced, 
each half must also possess the power of producing also the other half. According to 
investigations by Zlerlitzka, Driesch, Morgan, Wilson, and others, the first two or even 
the first four segmentation-cells in tritons, teleosts, ascidians, and echinoderms possess 
the power of forming an entire embryo. 

Schulize experimented on the eggs of amphibia; these normally always assume 
such a position that the darkly pigmented protoplasmic substance of lighter spefific 
gravity lies above, the heavier clear protoplasm rich in yolk granules lies below. By 
placing the eggs in an abnormal position and preventing their return to the normal 
position malformations may be produced, the degree of malformation standing in direct 
relation to the size of the angle formed by the line of gravity and the abnormally- 
placed axis of the egg.. By turning the egg through an angle of 180° in the two-cell 
stage a double monster is regular y produced. The same turning in the eight-cell 
stage causes a complete cessation of development. These disturbances arise from dis- 
placements consequent upon the sinking of the heavier and a rising of the lighter con- 
stituents of the egg. 

According to investigations by O. Herticig, the eggs of axolotl, when kept in a 0.7- 
per-cent. solution of sodium chloride, undergo a pathological development, which is 
confined to the central nervous system in the region of the head and trunk. The so- 
dium-chloride solution acts only upon those portions of the ectoderm which are in the © 
process of changing into ganglion-cells; and as a result, with otherwise normal devel- 
opment, portions of the central nervous system may be lost. 
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$ 131. Single malformations may be conveniently divided into five 
groups, according to the kind of change which characterizes them. 

As arrests of development or monsters due to defective develop- 
ment (monstra per defectum) may be classed in the first place all those 
malformations in which the whole or a part of the body is abnormally 
small and imperfectly developed (hypoplasia), and also those malfor- 
mations characterized by the complete absence or very great stunting 
(agenesia or aplasia) of individual organs or parts of the body. In this 
class belong, for example, the absence of the brain or of parts of it, or 
abnormal smallness of the brain, defects in the septa of the heart, defects 
and stunting of the extremities, etc. 

If, in the case of parts or organs of the body which are normally 
formed by the union of anlage which are originally separated, such 
union should fail to take place as the result of a primary or secondary 
disturbance of growth, the arrest of development may show itself in the 
form of clefts and reduplications. Thus, for example, imperfect develop- 
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ment of the plates forming the anterior body-wall gives rise to clefts in 
the median line of the thorax and abdomen; a failure of union of the 
maxillary processes of the first branchial arch with each other or with 
the nasal process of the frontal bone gives rise to clefts in the face. 
Detective union of the bilateral portions of the female genital tract 
results in a more or less extensive reduplication of the uterus or vagina. 

When the anlage of two organs lie near to each other, these may 
under certain conditions become united so as to produce a coalescence or 
adhesion between two organs or parts which should normally be sepa- 
rated. For example, the kidneys at times may be more or less united, 
aud the eyes may be more or less completely merged into a single organ. 

Malformations due to excessive growth (monstra. per excessum) 
are characterized in part by abnormal size of individual parts, and in part 
by an increase in number of the same. For example, an extremity or a 
portion of one, as a finger, may reach an abnormal size (partial giant 
growth), or the whole body may be involved in the abnormal growth 
(general giant growth). An increase in number occurs particularly in the 
case of the mammary gland, spleen, adrenals, and fingers. Additional 
glandular organs are designated accessory or supernumerary organs. 

As malformations due to an abnormal disposition of organs (mon- 
stra per fabricam alienam) are designated by Forster certain anomalies 
of the internal organs of the thorax and abdomen, which are character- 
ized by an abnormal position of the organs, and in part also by changes 
in the relation of individual parts to each other. In this class belongs 
the condition known as situs transversus—that is, the transposition of the 
thoracic or abdominal organs, or of both. Further, various defects in 
the heart and great vessels may also be classed here, though it should be 
noted that these are more properly regarded as arrests of development. 

A fourth group of malformations includes those characterized by 
displacement of tissues and by the persistence of foetal formations, as 
already mentioned in SS 127 and 128. 

Finally, as a fifth group may be classed those malformations ex- 
hibiting a mixture of the sexual characteristics, known as true and 
false hermaphroditism. True hermaphrodites possess both male and female 
sexual glands; false hermaphrodites are unisexual, but the remainder 
of the sexual apparatus does not correspond to the sexual gland, or there 
is a Simultaneous formation of organs belonging to both the male and 
female. A part of these malformations are arrests of development; 
others are to be regarded as cases in which from the original bisexual 
anlage the organs of both sexes have developed, whereas normally the 
anlage of one sex undergo a retrograde change instead of developing, 
and persist only in a rudimentary form. 

$ 132. Double monsters (monstra duplica) are malformations in 
which the entire body or a part of it is duplicated. The twins are al- 
ways of the same sex, and are usually united at corresponding portions 
of the body. The duplicated parts are sometimes equally, sometimes 
unequally developed; in the latter case one of the parts is dwarfed and 
appears as a parasitic appendage to the well-developed individual or 
is inclosed within the body of the latter. We may accordingly distin- 
guish equal and unequal forms of double monsters. 

All double monsters arise from a single egg and develop from a single 
germinal vesicle. The disturbance of development may occur during 
the eonrse of the segmentation process, but is first recognizable when 
from the germinal vesicle there is formed a double embryonal anlage. A 
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double monster may then arise either through the two embryonic areas 
being united from the very beginning, or that, originally separated, 
they infringe upon one another in their growth and blend to a greater or 
less extent. A second possibility is the formation within a single em- 
bryonic area of two primitive streaks and then two medullary grooves, 
which may remain entirely separate from each other or only partially 
blend. A third possibility would be a single primitive streak, but a 
medullary groove which is double either in part or in the whole of its 
extent. Finally, it is possible that under certain conditions a duplica- 
tion takes place at a later period of development and then affects only 
individual parts of the axial zone or only the parietal zone. 


The causes of a duplication uf the embryonal anlage in a single germinal vesicle are not 
known. According to Fol, double and multiple monsters arise through the abnormal 
impregnation of an ovum with two, three, or more spermatozoa; but other observa- 
tions (Born) indicate that ova fertilized by two or more spermatozoa do not develop. 
According to Marchand, the doubling of the anlage is to be referred to conditions exist- 
ing before the beginning of segmentatiun, either to conditions within the egg before fer- 
tilization, or to the fertilization itself. Wiedemann and Wetzel hold the opinion that the 
origin of double monsters dates from the moment of impregnation, and is due to the 
fertilization of ova containing two germinal vesicles by two spermatozoa. 

Successful ex periments in the artificial production of double monsters from the eggs 
of animals have been made in recent years by Gerlach, O. Schultze, and Born. Gerlach 
produced double monsters (anterior duplication) from hens’ eggs by varnishing these 
before incubating, leaving free only a Y-shaped spot in the region of the primitive 
streak. Inasmuch as he only rarely succeeded in obtaining such results, it is possible 
that these malformations, which not infrequently occur in chickens, were accidental. 
Schultze obtained double monsters by turning frogs’ eggs during the two-cell stage 
through an angle of 180° (cf. § 180). Spermann was able to produce double-headed 
embryos of tritons by constriction of the embryonal anlage before the closure of the 
medullary plate to form the medullary groove. Born succeeded in uniting together 
portions of the larve of amphibia, not only of the same kind, but also of different 
species, genera, and families’ (Rana esculenta with Bombinator igneus, and with 
Triton). The conditions were most favorable for union in the case of larve of about 
8 mm. length. Not only the external coverings of the body, but also the anlage of 
organs (liver, intestine, heart-tube), were blended into a united organ, the union being 
completed through specific tissue of the same kind. From all these experiments the 
conclusion may be drawn that double monsters may be produced from a normal egg 
through secondary influences, and that neighboring embryonal anlage may grow one 
into the other. On the other hand lies the possibility that especial conditions within 
the egg before fertilization may be the cause of the duplication. According to Schultze, 
this may possibly lie in the presence of two nuclei or of two spindles, or in an over-ripe 
condition of the egg with a tendency to fragmentation into two halves, which divide 
shortly before fertilization. Therefore a normally fertilized ovum in the two-cell - 
stage may be brought through some influence (as in the experiment of Schultze) to the 
formation of two individuals. 


Literature. 
(Double Monsters. ) 


Ahlfeld: Die Missbildungen des Menschen, Leipzig. 1880, 1882. 

Born: Furchungen des Eies bei Doppelbildungen. Breslauer ärztliche Zeitschr., 1887; 
Ueber Doppelbildungen beim Frosch. Ib., 1882; Ueber Verwachsungsversuche 
mit Amphibienlarven, Leipzig, 1897, ref. Deut. med. Woch., 1898, 8. 126. 

Dareste: Product. des monstruosités. Compt. rend. Ac. des sc., 1861, 1868, 1864, 
1865, 1866. 

Debierre: [a théorie de la monstruosité double. Arch. de phys., ii., 1890. 

Debierre ct Dutilleul: Monstres doubles du genre synote. Arch. de phys.. ii., 1890. 

Fol: Recherches sur la fécondation, etc., 1879. 

Förster: Die Missbildungen des Menschen, Jena, 1865. 

Geoffroy Saint-Hilaire: Hist. gen. et partic. des anomalies de l’organisat. chez 
Vhomme et les animaux, Paris, 1832-37. 

Gerlach, I..: Ucber die Entstehungsweise der vorderen Verdoppelung. Deut. Arch., 


496 DISTURBANCES OF DEVELOPMENT. 
f, klin. Med., 42 Bd.; Die Eutstehuugsweise der Doppclmissbildungen, Stuttgart, 
1883. 


Gschier: Thoracopagus tetrabrachius aequalis. Prag. med. Woch., 1892. 

Klaussner: Mehrfachbildungen bei Wirbelthieren, München, 1800. 

Kormann: Ueber lebende Doppelmissbildungen der Neuzeit. | Schmidt’s Jahrb., cxliii, 
1809. 

Lochte: Ein Fall von Doppelmissbildungen, Beitr, v. Ziegler, xvi., 1804. 

Marchand: Missbildungen. Eulenburg’s Realencyklop., xv., 1897. 

Myschkin: Zwillingsschwangerschaft u. angeb. Missbildungen. Vireh. Arch., 108 
Bd., 1887. 






tersuchungen Ober die Entstehung der Missbildungen, Berlin, 1880; Zur 
Kenntniss d. phys. Bedeutung d. Missbildungen. Virch. Arch., 72 Bd., 
ie Theorie der excessiven Monstra. Virch. Arch. 1 78, 74 Bd., jerz.ae, 
Schäfer: Ueber einen Dicephalus. Beitr. v; Ziegler, xxvi 
Schultze, O.: Ueber die Bedeutung der Schwerkraft, cia erh, der phys.-med. 
Geselisch., 28 Bd., 1864; Arch. f, Entwickelungsmech., i., 1804; Entwickelung d. 
Doppelbildungen. Chi. f. allg. Path., x,, 1889. 
Sobotta: Neue Anschauungen Aber Entstehung von Doppelbildungen, Würzburg, 








Spermann: Exper. Erzeug. zweiköptiger Embryonen. Sitzber. d. phys.-med. Ges., 
1900. 


Wetzel: Drei abnorm gebildete Eier, Anat, Anz,, xviti., 1900. 
: Entstehung d. Doppeibildungen. Virch. Arch.. 138 Bd., 1894 (Lit.). 
See also § 189. 


Il. The Different Forms of Malformations in Man. 
I. ARRESTS OF DEVELOPMENT IN A SINGLE INDIVIDUAL. 


(a) Arvest of the Development of the Entire Embryonal Anlage. 


§ 133. An arrest in the development of the entire embryonal 
anlage manifests itself in two ways. If the disturbance is very marked, 
a further development of 
the embryo is impossible, 
and it either dies at once 
or becomes stunted, and 
after a certain time per- 
ishes. If the disturbance 
is less severe there develops 
a normally formed foetus, 
but it remains small and 
stunted—that is, a dwarf 
is formed (nanosomia or 
microsomia). 

A dead foetus is in the 
majority of cases expelled 
together with its mem- 
branes (abortion). In 
other cases in which the 
embryo for some cause or 
other remains stationary in 
development, the egg may 
remain for weeks or even 

Fig. 363,—Portion of a bydatid mole. Natural size. months in the uterus and 

increase in size, so that 
there arises a disproportion between the size of the embryo and of the 
egg. According to His, the first changes after death are shown ina marked 
swelling of the central nervous organs, leading to changes in the con- 
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the maternal organism there may result the formation of a lithopsedion. 
This oceurs most frequently in the abnormal situation of the ovum known 
as extrauterine pregnancy, in which the embryo lies in the peritoneal 
cavity, in a tube, or in an ovary. If the foetus dies at such an advanced 
stage of development that it cannot be absorbed, it may be carried within 
the maternal organism for years. Not infrequently its form is perfectly 
preserved (Fig. 364), and the whole foetus becomes inclosed in a connec- 
tive-tissue membrane. In other cases the foetus, in the course of time, 
becomes converted into a partially fluid mass, which contains the osseous 
remains, as well as fat, cholesterin, and pigment, and is surrounded by 
a fibrous capsule. Lime-salts are usually deposited both in the newly 
formed membranes as well as in the portions of the foetus remaining, 
and for this reason the fetus is known as a “‘stone-child ” or “ petrified 
child.” 

According to the condition of the foetus there may be distinguished 
three chief forms of lithopsdion (Küchenmeister). In the first the 
mummified foetus may be easily shelled out from the calcified membranes 
(lithocelyphos). In the second form the foetus becomes adherent to the 
membranes at various points which become calcified, while the other 
portions become mummified (lithocelyphopedion). In the third form the 
foetus is discharged, through the rupture of the membranes, into the 
peritoneal cavity, and later becomes encrusted with lime-salts (lithopedion 
in the narrower sense). 


T he long retention of a ripe or even older fetus within the uterus (missed labor) is rare, 
but may occur (1) in an accessory horn of the uterus, (2) in interstitial pregnancy, (3) 
after rupture of the uterus. 
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(b) Defective Closure of the Cerebrospinal Canal and the Accompanying 
Malformations of the Nervous System. 


§ 134. Defective closure of the vertebral canal leads to the mal- 
formations known as rachischisis or spina bifida. If the defect in the 
vertebral column is open so that at the bottom of the cleft the bodies of 
the vertebre covered by membrane are seen, the malformation is ordi- 
narily termed rachischisis. When, at the site of the defect, there is seen 
a protruding sac, the malformation is usually designated spina bifida, or 
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The soft red tissue lying in the central area is the rudiment of the 
malformed spinal cord, and consists of an extremely vascular tissue 
containing more or less numerous portions of the spinal cord, as nerve- 
fibres, ganglion-cells, and glia-cells, and is designated the area medullo- 
vasculosa (von Recklinghausen). It is sometimes a continuous tissue, at 
other times it is scattered in bands and patches, and forms only a deli- 
cate veil-like net. Both the cranial and the caudal extremities of this 
median area may end in a distinct furrow, designated respectively as 
the cranial and caudal polar furrow (“ Polgrube,” von Recklinghausen), 
to which the spinal cord is connected anteriorly and in lumbosacral 
rachischisis the filum terminale caudally. The membrane on which the 
area lies is the pia mater, which also continues into the red marginal 
zone above mentioned, which, being covered with epithelium, is desig- 
nated as the zona epitheloserosa (von Recklinghausen). The prominent 
zone bordering this and covering the rudiments of the vertebral arches 
is formed of skin and is known as the zona dermatica. 

On the ventral side of the pia mater forming the covering of the 
defect is a space which is bounded below by the dura mater and the ex- 
ternal layer of the arachnoid, so that it is in reality the ventral portion 
of the subarachnoidal space. 

Spina bifida cystica or rachicele (rachischisis cystica) occurs in three 
chief forms: myelomeningocele, meningocele, and myelocystocele. Accord- 
ing to its site there may be further distinguished a cervical, dorsal, lum- 
bar, lumbosacral, and a sacral spina bifida. In general, a spina bifida 
is characterized by the development of a fluctuating tumor, which is in 
most cases visible externally (Fig. 366) on the posterior aspect of the 
spinal column (spina bifida posterior); but instances also occur in which 
the sac projects anteriorly from the spinal canal (spina bifida anterior), 
and others in which it is too small to be visible externally (spina bifida 
occulta). 

Myelomeningocele appears most frequently as a spina bifida lumbo- 
sacralis, and usually forms a tumor varying in size from that of a nut to 
that of an apple and increasing in size after birth, in the region of the 
lower lumbar and upper sacral vertebrie. It iscovered either by smooth 
or scar-like skin, or may be devoid of skin on its summit and there cov- 
ered by a reddish, mucosa-like tissue (area medullovasculosa). The 





FIG. 366.—Spina bifida sacralis. (After Froriep and Förster.) Girl of nineteen years, born with a tamor 
the size of a pigeon’s egg over the upper sacral and lower Jumbar regions, which enlarged from the sixth 
year on, While at the same time elub-feet developed. 


portion uncovered by skin may be drawn in, like a scar. In rare cases 
there may be no external tumor (spina bifida occulta), the site of the 
cleft being indicated only by a more marked growth of hair or by a 
depression. 

On opening the sac, which is composed of the arachnoid (Fig. 367, e) 
and the pia (f, f,), while the dura (g) does not extend over the dorsal 
portion of the sac, it may be seen that the lower end of the spinal cord 
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(b,) is drawn outward, and that the cavity of the sac is crossed by nerve- 
roots (i, i,). Occasional nerve-roots (h) may also spring from the columns 
of the cord (b,) in its course through the sac. 

According to these findings there is, therefore, an accumulation of 
fluid in the meninges, a hydromeningocele (hydrorachis externa circum- 
seripta), which is combined with a pro. 
lapse of the spinal cord, a myelocele. At 
the site of the protrusion the vertebral 
arches are defective, and this defect may 
reach as far as the hiatus sacralis. 
Smaller defects may involve only one or 
two vertebra. 

Dorsal and cervical meningoceles are 
much more rare than the lumbosacral. 
The defect in the vertebral arch is usu- 
ally confined to one or two vertebr«. 
The spinal cord is here involved in the 
meningocele in so far that portions of it 
are drawn outward in the form of a band 
or cone. 

Hydromeningocele spinalis arises 

from a hernial protrusion of spinal arach- 
noid due to a localized collection of fluid „Fo. ;Myclomentngocele acraite tn 
in the subarachnoidal space. It may oc- median line. (After von Recklinghausen) 
cur in the first place at the upper end of in; h bı, spinal cord: ¢ area me 
the spinal column in the case of a cleft of Polar groove: ‚€, arachnoid 
the upper cervical vertebra, at the same portion of pia mater over; g. dura 
time with hernia of the brain in the oc- MEE: A, recurrent roots of the fourth 
cipital region. More frequently, how- posterior of the Afıh lumber nerve, run- 
ever, it occurs in the sacral region, where sera! nerve-roots between the arachnoid 
the hernial protrusion takes place either ""dPla; I Alum terminale. 
through a defect in the vertebral arches 
and bodies or through the hiatus sacralis, or between vertebral arches, 
or through intervertebral foramina. In the majority of cases the 
dura takes no part in the formation of the sac, but views differ upon 
this point, and by many writers (Hildebrand) a dural sac is described. 
Through a progressive accumulation of fluid the sac may attain a very 
nul meningoceles may be concealed in the deep tissues. 
o the direction of the hernial protrusion there may be 
distinguished a meningocele posterior and a meningocele anterior, the latter 
taking place through a defect in the bodies of the vertebrae (rachischisis 
anterior). 

Myelocystocele or hydromyelocele (xyringomyelocele) takes its origin 
in a dilatation of the central canal of the spinal cord, as a result of 
which a larger or smaller portion of the cord with its connective-tissue 
envelopes becomes converted into a cystic tumor. The dura is usually 
wanting over that portion of the sac protruding from the vertebra. 

According to von Recklinghausen, the wall of these sacs is formed 
essentially of the inner spinal meninges, but is lined on the interior by 
a cylindrical epithelium, and has at some part of. its inner surface an 
area medullovasculosa—usually on the ventral side, rarely on the dorsal. 
Corresponding to this condition the roots, in case they are still pre- 
served, spring mostly from the ventral, rarely from the dorsal outer wall 
of the sac. The cavity itself is crossed neither by bands nor by nerves. 
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Myelocystoceles occur, in the majority of cases, in lateral clefts of 
the vertebral column. Theyshow a tendency to be combined with defects 
and asymmetries of the bodies of the vertebre, and thereby often with 
shortenings of the trunk, which at times affect only the dorsal region, at 
other times also the lumbar region. Very frequently there exists at the 
same time an exstrophy of the abdomen, bladder, and intestine. 

Myelocystoceles are mostly covered only by the outer skin, but are 
sometimes concealed deep down in the soft parts. They may further 
be combined with a meningocele, so that a myelocystomeningocele 
arises. 

In cases of rachischisis there sometimes occurs a division of the 
spinal cord into two parts (diastematomyelia), most often in the case of 
a total rachischisis, in which indeed the rudiments of the spinal cord 
are usually only indicated. In partial rachischisis such division is more 
rare, but the separated strands of spinal cord are better developed, and 
the fibrous and bony coverings may, at the beginning or end of the cleft, 
send dividing septa between them. Cases have occurred in which each 
cord-half possessed an H-shaped area of gray matter. 

The origin of rachischisis is to be referred to agenesia and hypoplasia 
of the medullary folds, which should form the medullary groove of the 
vertebral arches. The agenesia of the spinal cord is also to be dated 
from the very earliest period. Whether it is a primary agenesia pre- 
determined in the germ, or whether extrinsic injurious influences, per- 
haps toxic substances ( Hertwig), pressure from without, or the inclosure 
of foetal membranés, may have secondarily checked development or have 
destroyed parts already formed, it is usually difficult to determine; but 
the symmetrical distribution of the arrested development speaks in favor 
of the former view. 

In cases of spina bifida with hernial protrusion, the local defects in the 
bony vertebral column and the defective development of the dura mater, which 
is usually wanting at the site of the protrusion, are to be regarded as 
the primary condition. The growth of the sac may be explained as due 
to congestive and inflammatory transudation, and many times the residue 
of inflammatory changes, such as thickenings and membranous adhesions, 
may be demonstrated in the pia. 


In the earliest embryonic period the medullary groove is formed by the develop- 
ment on both sides of the median line of wall-like elevations of the ectoderm which are 
designated as the medullary folds. Through the converging growth and union of the 
latter the medullary groove is closed and formed into the medullary canal. Thereupon 
the cell-masses (primitive vertebral plates) lving at the sides of the newly formed canal 
form an envelope about it, which gives rise in the first place to a membranous, non- 
articulated vertebral column. In this, at the beginning of the second month, there 
arise discrete cartilaginous areas from which, in the course of further development, the 
vertebral bodies and arches are formed, while between them the intervertebral discs 
and vertebral ligaments appear. The development of the cartilaginous vertebre is not 
completed until the fourth month, and up to this time the dorsal covering of the med- 
ullary tube consists of the united portions of the membranous vertebral column. The 
cartilaginous constituents of the vertebra are in the course of development replaced by 
bone. 

According to ron Recklinghausen, neither the persistence of a connection between 
the medullary canal and the epiblast nor an excessive stretching of the wall of the med- 
ullary groove through bending of the axis of the embryo can be held responsible for 
the origin of mvelocystocele and myelocystomeningocele. According to his view, the 
former is a deficient growth in the long axis of the vertebral column, characterized 
anatomically by shortness of the column, absence of vertebree or parts of vertebr:r, 
separation of wedge-shaped bony pieces from the bodies of the vertebra, and by uni- 
lateral defects in the arches. The neural canal, then, in the course of normal develop- 
ment, becomes too long for the vertebral canal, and in consequence becomes curled or 
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kinked, and there is a tendency to a partial protrusion of the medullary tube at the 
point of sharpest bending. Marchand believes that this hypothesis is not applicable to 
all cases, and Arnold is also of the opinion that the causal relations between arrests of 
development in the muscle-plates and vertebral anlage on the one hand, and those of 
the medullary canal on the other, are not constant, but that a variety of harmful influ. 
ences may give rise to one or more of these anomalies. 

According to O. Hertwig, the ordinary spina bifida is an arrest of development 
depending upon a partially prevented closure of the blastopore (“ Urmundspalte ”). 
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or less extensive development (Fig. 370, b, c, d) and form a cranial 
cavity, which is small, in that the flat bones of the vault are elevated 
but a short distance above the base of the skull. If the bones of the 
eranium which have undergone an imperfect development yet unite with 
one another as under normal conditions, there is produced a simple 
microcephalus, which may be present at birth or develop later, as the 
result of imperfect development of the skull. 

Acraniaand hemicraniaare often associated with total anencephalus, 
the base of the skull being covered only with a membranous, vascular, 
spongy mass, which is usually composed of vascular connective tissue 
containing scattered hemorrhages, and showing no trace of brain tissue 
or only undeveloped rudiments (area cerebrovasculosa). 

In other cases the meninges contain, besides cystic cavities and gland- 
like remnants of the medullary plate, also more or less developed brain- 





Fa. 371.--Hydrencephalocele oceipitalis. iG. 372.—Encephalomeningocele nasofrontalis. 


substance, which usually protrudes through the defect in the cranial 
vault, giving rise to exencephalus (Figs. 359, 369). The hernial masses 
are either inclosed only by a soft membrane corresponding to the inner 
meninges, or they may be covered also by external skin. 

With microcephalus there is also micrencephalus—that is, an abnor- 
mal smallness of the brain. The development of the brain is also usu- 
ally deficient, or certain portions may be lacking. 

If the cranium isin general closed, but presents partial defects, 
portions of the cranial contents may protrude externally in the form of 
whernial sac. Such a condition is known as hernia cerebri or cephalo- 
cele (Figs. 371, 372). Defects of ossifieation (Ackermann), as well as 
» local weakening of the membranous cranial envelope, are doubtless 
the primary cause, though adhesions of the meninges with the amnion 
may also be a cause (St.-Hilaire). The dura mater is wanting over the 

portion of the sac (Museatello). 
size of the protruding sac varies greatly; it may be so small as 
to be found only after careful amination, or it may be so large as to 








e 
approach the brain in volume. If only the arachnoid and pia protrude 
as the result of a collection of fluid in the subarachnoidal space, the 








1 is designated a meningocele. If at the same time there is a pro- 

ion of brain-substance, it is known as meningoencephalocele. A 

hernia of brain-substance and pia without a collection of fluid is an 

encephalocele ; if the protruding brain-substance contains a portion of a 

ventricle filled with fluid, it is designated a hydrencephalocele. 
Cerebral hernias occur chiefly in the occipital region (hernia oceipi- 

talin), close above the foramen magnum (Fig. 371), and at the root of 
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vening space is filled by fluid distending the subarachnoidal space (Ah). 
In the less marked forms only individual portions of the brain are 
undeveloped, those parts chiefly affected being the olfactory lobes and 
nerves, the corpus callosum, a part of the convolutions, ete. The optic 
thalami are often blended together. The chiasm and the optic tract may 
be absent or present. The corpora quadrigemina (k), pons, medulla 
oblongata, and cerebellum (7) are usually unaffected. 


The spinal cord and brain arise from the medullary canal. In that portion that is 
to become the brain, the neural canal changes very early into three vesicles. The most 
anterior of these, the forebrain, throws out from its lateral portions the primary optic 
vesicles, while the middle portion grows forward and upward and divides into the 
telencephalon or forebrain, and the diencephalon (thalamencephalon) or tıreenbrain. From 
the former are developed the cerebral hemispheres, corpora striata, corpus callosum, 
and the fornix. From the tweenbrain are formed the optic thalami and the floor of 
the third ventricle. The second vesicle or midbrain forms the corpora quadrigemina, 
while the third vesicle divides into the isthmus, metencephalon, and myelencephalon, 
from which there are developed the pons, cerebellum, and medulla oblongata. 

The cerebral portion of the medullary canal becomes inclosed by the primitive 
vertebral plates of the head, which form the membranous primitive skull, the basal 
portions of which become cartilaginous in the second month of foetal life. In the third 
month the basal cartilage and the membranous vault begin to ossify. 

According to G. St.-Ililaire, Forster, and Punum, acrania and anencephalus are to 
be referred to an abnormal accumulation of fluid in the cerebral vesicles, a hydrocephalus, 
occurring before the fourth month. Dareste and Perls oppose this view, and point out 
that in acrania the base of the skull is usually bulged inward and not pressed outward. 
They therefore seek the cause of acrania in a pressure exerted upon the cranium from 
without (/erls), due to an abnormal tightness of the cephalic cap of the amnion, which 
retards the development of the cranium. J+dedeff seeks the cause of acranla in an 
abnormally sharp bending of the body of the embryo, which he thinks occurs when the 
cephalic end of the embryo grows abnormally in the longitudinal axis, or in case the 
cephalic covering lagg behind in its development. 

By the sharp bending the change of the medullary grcove into the medullary canal 
is thought to be hindered, or the canal after its formation is destroyed. From this 
could be explained the later absence of the brain, as well as of the membranous and 
osseous cranial covering. The cystic formations in the membranes lying upon the 
base of the skull are, according to Lebedeff, formed from the folds of the medullary 
plate, which sink into the mesoderm and are then snared off. = * 

Hertwig thinks it possible that chemical substances circulating in the blood or 
secreted from the wall of the uterus may destroy the anlage of the brain. 

It is very probable that acrania does not always arise in the same way, and while 
in one case the influences brought forward by Perls and Zebedeff', or also adhesions with 
the fetal membranes, may hinder the development of the skull and brain, it is probable 
that in other cases the malformation must be regarded as a primary agenesia, the 
causes of which were already present in the germ. 

According to A. and 4. Petrén, the spinal ganglia in anencephalus are always nor- 
mally developed; on the other hand, the columns of Clarke, the lateral cerebellar tracts, 
and the bundles of Gowers are either wholly wanting or are {mperfectly developed. 
Likewise the pyramidal tracts are wanting, while the anterior-horn ganglion-cells and 
the anterior roots are developed. A. and A. Petren, therefore, regard the malformation 
as a system-defect ju which the neurones of the second order are not formed; and they 
incline to the view that the malformation is to be referred to an abnormal anlage of 
the germ. 


Literature. 
( Defects of the Cranium, Cerebral Hernia.) 


Ackermann: Die Schädeldifformität bei der Encephalocele congenita, Halle-a.-8., 
1881. 

Arnold: Gehirn, Rückenmark u. Schädel eines Hemicephalus. Beitr. v. Ziegler, xi., 
1892. 

Beneke: Zwei Fälle von multiplen Hirnbernien. Virch. Arch., 119 Bd., 1890. 

Berger: J.’origine et le mode de développement de certaines encéphalocéles. Rev. de 
chir., 1890. 


508 DISTURBANCES OF DEVELOPMENT. 


Ernst: Bildungsfebler d. Centralnervensystems bei Encephalocele. Beitr. v. Ziegler, 
xxv., 1899. 

Förster: Missbilduugen des Menschen, Jena, 1865. 

Fridolin: Ueber defecte Schädel. Virch. Arch., 116 Bd., 1889. 

Jacoby: Partielle Anencephalie bei einem Embryo. Virch. Arch., 147 Bd., 1897. 

Kundrat: Die Arrhinencephalie, Graz, 1882. 

Lebedeff: Entstehung d. Anencephalie u. Spina bifida. Virch. Arch., 86 Bd., 1881. 

Leonowa: Anencephalie. Arch. f. Anat., 1890. 

Manz: Das Auge hirnloser Missgeburten. Virch. Arch., 51 Bd., 1870. 

Muhr: Encephalocele anterior. Arch. f. Psych., viii., 1878. 

Mucatello: Die angeb. Spalten des Schiidels. Langenbeck’s Arch., 47 Bd., 1894 (Lit.). 

Petren, K.u.G.: Nervensystem bei Anencephalie u. Amyelie. Virch. Arch., 151 Bd., 
1898 (Lit.). 

de Ru er. Schädel. und Rückgratsspalten. Langenbeck’s Arch., 40 Bd., 1890. 

Schürhoff: Anatomie d. Centralnervensystems bei Hemicephalen, Stuttgart, 1894. 

Siegenbeek van Heukelom: Encephalocele Arch. f. Entwickelungsmech., iv, 
1896. 

Spring: Monographie de la hernie du cerveau, Bruxelles, 1853. 

Talko: Ueber angeborene Hirnhernien. Virch. Arch., 50 Bd., 1870. 

Virchow: Die kranklı. Geschwülste, i., 1863. 


(c) The Malformations of the Face and Neck. 


§ 136. The development of the face not infrequently suffers disturb- 
ances leading to more or less marked facial malformations, which may 
appear alone or in association with malformations of the cranium. If 
the frontal process and the maxillary processes of the first branchial areh 
remain in a rudimentary state or are destroyed to a marked extent by 
pathological processes, there persists at the site of the face an open sinus 
giving rise to the conditions known as aprosopia (absence of the face ) 
and schistoprosopia (cleft face), which may also be associated with a 
defective development of the nose and eyes. 

More frequent than these large defeets are smaller clefts involving 
the lips, alveolar process of the upper jaw, the upper jaw itself, and the 
hard and soft palates (Fig. 375), which are designated as cheilo-gna- 
thopalatoschisis or * wolf’s jaw.’”’ This malformation gives rise to a 
communication between the mouth and the nasal cavity (Fig. 375). 
The hard palate is cleft in the part bordering upon the vomer; the soft 
palate in the median line. In the alveolar process of the upper jaw the 
cleft runs between the canine tooth and the outer incisor or between the 
outer and inner incisors. The malformation may be bilateral or unilat- 
eral, and is sometimes primary and inheritable, at other times acquired 
secondarily, in part as the result of amniotic adhesions (Fig. 359). 

Not infrequently the cleft involves only special portions of the regions 
mentioned, as the upper lip (harelip, labium leporinum), or, what is 
rarer, only the hard or soft palate. The lightest grades of this form of 
cleft-malformation are represented by a notch or cicatricial line in the lips, 
or by a bifurcation of the uvula. 

Prosoposchisis or oblique facial cleft (Fig. 360) is the designation 
applied to a cleft running obliquely from the mouth to an orbit. It is 
usually associated with malformations of the brain. According to 
Morian, three forms may be distinguished. The first is a cleft beginning 
in the upper lip as a harelip, passing into the nasal cavity, thence 
around the ala nasi toward the orbit, and may extend even beyond the 
latter. The second form likewise begins in the region of a harelip, but. 
extends outward from the nose toward the orbit. The third form ex- 
tends from the corner of the mouth, outward through the cheek toward 
the canthus of the eye, and divides the superior maxillary process exter- 
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nally to the canine tooth. A transverse cleft of the cheek also occurs, pass- 
ing from the corner of the mouth toward the temporal region. 

Median facial clefts (nascl cleft) run in the median line involving 
the nose, upper jaw, and also the lower jaw, and may extend as far 
down as thesternum. The tongue may also be cleft (Wölfler). Further, 
the defect may extend even to the frontal bone and brain. 

All of the above-mentioned clefts may be confined to small portions 
of the regions mentioned, and moreover attain varying depths. 

If the development of the inferior maxillary process of the first 
branchial arch is retarded, the inferior maxilla also is imperfectly devel- 
oped or wholly wanting, and there arise those malformations known as 
brachygnathia or agnathia (Fig. 376). The lower portion of the face 
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appears as if cut away; the ears are sometimes brought so Ei to och 
other as to touch (synotia). Usually the superior 
are also imperfectly developed; not infrequently the ear is alone 

Abnormal largeness of the mouth (macrostomia), abnormal smallness 
(mierostomia), closure (atresia oris), and duplication of the mouth (dis- 
tomia) are all rare. 

When the embryonic external branchial clefts or internal branchial 
pockets fail in part to close, there persist fistula opening either exter- 
nally or internally, or closed cysts. The former condition is known as 
fistula colli congenita. The mouths of the external fistule are usually 
found at the side of the neck, more rarely nearer to the median line or 
in the median line; those of the internal fistule open HS aa 
trachea, or larynx. Very often the remains of the bı 
form only diverticula of the last-named organs. The fistule are a the 
chief part covered with mucous epithelium, sometimes ciliated, arising 
therefore from the visceral branchial pockets, according to von Kos- 
tanecki and von Mielecki usually from the second, In rare cases there 
is found a complete branchial fistula with both external and internal 
openings. 

The branchial cysts arising from the branchial pockets are some- 
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times covered with mucous epithelium (ciliated epithelium) and contain 
fluid; hence they are called hydrocele colli congenita. At. other times they 
possess an epidermoidal covering and inelose epidermoidal cell-masses, 
and are therefore classed with the atheromata and dermoid cysts. Dis- 
turbances of development of the anterior end of the branchial arch 
(mesobranchial field) and in the region of the third branchial pocket 
(thymus-anlage) and branchial cleft may lead to the formation of der- 
moids in the submental region, in the root of the tongue, and in the medias- 
tinum. 


The face and neck are developed in part from a single anlage, and in part from 
‘paired anlage. The latter are represented in the branchial or visceral arches growing 
from the lateral portions of the base of the skull ventrally in the primitive throat-wall. 
The single anlage, designated the frontal process, is a prolongation downward of the 
base and vault of the cranium, and is, in fact, nothing more than the anterior end of 
the skull. Between the individual branchial arches there are at a certain period cleft- 
like depressions known as the branchial pockets. 

The frontal process and the first branchial arch form the boundaries of the great 
primitive mouth-opening, which has a diamond shape. In the course of development 
the first branchial arch sends out two processes, the shorter of which applies itself to 
the under surface of the anterior portion of the head and forms the upper jaw, while 
from the longer one the lower jaw is developed. The frontal process, which forms the 
anterior boundary, gives rise to a broad prolongation of the forehead, and then pushes 
on two lateral processes which are known as the lateral nasal processes. By further 
differentiation of the central portion of the frontal process proper, the septum narium 
is formed, which by means of two spurs, the inner nasal processes, produces the borders 
of the external nasal opening and the nasal furrow. The lateral nasal processes are the 
lateral portions of the skull, and later develop within themselves the ethmoid labyrinth, 
the cartilaginous roof, and the sides of the anterior portion of the nares. At a certain 
stage they form with the superior maxillary process a furrow running from the nasal 
furrow to the eye, the lachrymal fissure. 

In the beginning the mouth is simply a large sinus, but is soon separated into a 
lower and larger digestive and an upper and smaller respiratory portion. This separa- 
tion is brought about by the development, from the superior maxillary processes of the 
first branchial arch, of the palatal plates, which from the eighth week on blend into 
each other and at the same time unite with the lower border of the nasal septum The 
union of the anterior portions of the palatal plates takes place earlier than that of the 
posterior portions. | 

Through the union of the contiguous portions of the frontal and nasal processes 
with the superior maxillary processes the check is formed and a continuous superior 
maxillary border, from which are developed later the lip and thealveolar process of 
the upper jaw and intermaxillary bones, while the external portion of the nose devel- 
ops from the frontal process. The intermaxillary bones are developed as independent 
bones, but unite very early with each other and with the upper jaw. 
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(d) Faulty Closure of the Abdominal and Thoracic Cavities, and the Accom- 
panying Malformations. 


8 137. Arrests of development in the formation of the ventral 
body-wall may take place at different points and exhibit different grades 
of severity. They occur most frequently in the region of the umbilicus, 
where the closure of the abdominal cavity takes place latest. In the 
case of imperfect development of the abdominal wall at this point, so 
that a more or less extensive area of the abdominal cavity is closed in 
only by the peritoneum and the sheath of the umbilical cord—that is, 
the amnion— which are pushed forward by the abdominal organs (Fig. 
377), there is produced the condition known as omphalocele, or hernia 
funiculi umbilicalis, or umbilical hernia. The umbilical cord is at- 
tached either to the summit or at one side of the hernia] sac, and is more 
or less shortened. 

lf the anterior abdominal walls either wholly or in part fail to unite, 
there arise those conditions which are designated fissura abdominalis, 
or gastroschisis completa and thoracogastroschisis. These are char- 
acterized by the undeveloped abdominal coverings not having been sepa- 
rated from the amnion, but passing into it. The greater part of the 
abdominal organs lies ina sac formed by the amnion and peritoneum 
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(eventration). The peritoneum, however, may also be wanting, likewise 
the umbilical cord, and the umbilical vessels may pursue their course to 
the placenta independently. 

A cleft confined to the thorax is called thoracoschisis. Should the 
heart, covered only with pericardium or wholly free, protrude through 
an opening in the cardiac region, the condition is designated ectopia 
cordis, 

When the failure to close is confined to the region of the sternum, 
the condition is designated fissura sterni. This defect may involve 
either the whole or a part of the sternum, at times affecting the bones, 
at other times only the skin. 

The protrusion of the urinary bladder through a cleft in the abdomi- 
nal wall is known as ectopia vesicee urinariz. 

Clefts of the abdominal wall are not infrequently associated with 
clefts of the parts lying behind the wall, not only in the case of large 
clefts (total), but also in the case of smaller ones (partial). When a 
cleft of the lower portion of the abdominal wall is associated with a 
cleft of the urinary bladder, so that the posterior wall of the latter pro- 
trudes through the abdominal fissure (Fig. 378, ¢), the condition is 
known as fissura, or exstrophia, or inversio 
vesicee urinarise. Occasionally the pelvic 
girdle and the urethra are also cleft, the, latter 
being represented by a groove open anteriorly 
(Fig. 378, e). The exstrophy is then said to 
be complicated bya fissura genitalis and epis- 
padias. 

When an abdominal fissure or an abdominal 
and vesical fissure is combined with a fissure 
of the intestines, there is produced a fissura 
abdominalis intestinalis or vesicointestinalis. 
The intestinal ‘fissure is sit- 
uated in the cecum or be- 
ginning of the colon, and 
the mucous membrane of 
the cleft intestine protrudes 
through the opening in the 
same manner asthe posterior 
wall of the bladder, so that 
the condition is called ex- 
strophia or inversio intes- 
tini. 

If the omphalomesenterie 
duet does not undergo its 
normal involution, there re- 
mains at the lower end of 
the small intestine an ap- 
pendix of intestine called 
Meckel’s diverticulum, 
which arises perpendicularly 
from the outer margin of the 
intestine. It has usually the appearance of a glove-finger, and is either 
free at its end or attached to the umbilical ring, sometimes being dilated 
at itsend. In the case of adhesion to the umbilical ring the intestinal 
mucosa may appear at the navel in the form of a tumor (ectopia intestini, 














Fic. 977.—Hernia funteull umbilicalls. Reduced to one-third. 
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adenoma umbilicale). In very rare cases a cyst lined with mucous mem- 
brane may be formed in the abdominal wall (omphalomesenteric cyst). 
Umbilical hernia and clefts of the upper portion of the abdominal 
wall are frequently combined with craniorachischisis, while exstrophy of 
the bladder and intestine is often associated with myelocystocele. Ac- 





Fis, JiR Pianure abdominis ot vesiog urinarim in a gist olghieen days old. a. Border of the skin; 
p. perttoneum: ¢, bladder; d, small bladder-cavity corresponding to the trigonum : ¢, trough-like urethra; 


cording to von Recklinghausen, the two malformations are to be regarded. 
as coördinated to each other. Further, large abdominal clefts are often 
associated with lordotic and scoliotic curvatures of the spinal column. 


The development of the body-form from the flat embryonic anlage begins b, 
snaring-off of the individual germ’ say ers from the outer embry ‘onal area, and their fol d- 
ing to form two tubes, the body-wall and the alimentary canal. 

The infolding of these layers tnkes place at the cephalic and caudal ends, as well as 
at the lateral portions of the embryonal anlage, and as the summits of the folds gradu- 
ally grow together from all directions, those which form the body. -wall produce a tube 
whose cavity finally communicates only at the parietal umbilicus, by means of a 
peduncle-like prolongation, with the cavity of the extra-embryonic portion of the 
blastoderm known at this time as the vitelline membrane. While the lateral and ven- 
tral walls of the embryo are being thus formed, within the body the intestinal furrow 
also closes to form a tube, which is in communication at only one point lying within 
the parietal umbilicus, known as the visceral umbilicus, with the cavity of the umbili- 
cal vesicle, by means of a channel known as the omphalomesenteric duct. 





Literature. 


Cleftx of Thoracic und Abdominal Walls; Meckel’s Diverticulum ; Ectopia 
Intestini.) 
Aschoff: Verhaltniss d. Leber u. d. Zwerchfells z. Nabelschnurbrüchen. Virch. 


Arch., 144 Bd.. 1896 (Lit.). 
lux: Observation pour servir A l’histoire de l’exomphale. Arch. d. phys., 
1881. 





Herzog Die Rückbildung des Nabels u. der Nabelgefüsse, München, 1892. 
Klautsch Bauchspalten. Cbl. allg. Path., vi., 1 





514 DISTURBANCES OF DEVELOPMENT. 


Kistner: Das Adenom und die Granulationsgeschwulst am Nabel. Arch. f. Gyn., 
ix., 1877; Virch. Arch., 69 Bd., 1877. 

Preisz: Ueb. d. sog. Nabeladenom. rd. f. Kinderheilk., 88 Bd., 1891. 

v. Recklin; ghausen Spina bifida, Virch. Arch., 105 Bd., 1886. 

Rischpler: Drei Fille von Eventration. Arch. f. Entwickclansgmech., vi., 1898 (Lit.). 

Sauer: Prolaps eines offenen Meckel’schen Divertikels. Deut. Zeitschr. f. Chir., 44 
Bi., 1897. 












Schild: Congen. Ektopie der Harnblase. Arb, a. d. path, Institute in München, 1886. 

Biegenbeek van Heukelom: Die Genese der Ektopia ventriculi am Nabel. “Virch. 
Arch., 111 Bd., 1888. 

Tillmanns: Angeb. Prolaps der Magenschleimhaut durch den Nabelring und Aber 
sonstige Geschwülste und Fisteln des Nabels. Deut. Zeitechr. 1. Chir., xviii., 

Vejas: Eine seltene Missbildung. Virch. Arch., 104 Bd. 

Zumwinkel: Subeutane Dotterfangscysie. Längenbeek's Arch., 40 Bd., 180. 





(e) Malformations of the External Genitalia and Anus, due to Arrested 
Development. 


$ 138. Malformations of varying degree of the external genitals may 
be associated with malformations of the abdominal wall, bladder, and 
the internal genital organs, or may occur independently of these. Com- 
plete absence of the external genitalia occurs most frequently in con- 
nection with other malformations of this region, particularly in the case 
of sirenomelia, yet the region may in general present also a normal 
structure (Fig. 381). The internal genitals are usually also malformed. 

A stunted condition of the penis is not rare, the organ in conse- 
quence coming to resemble more or less the clitoris. This condition is 
usually associated with a hypospadias—that is, the urethra opens on 
the under side of the organ, either beneath the glans, the body or the 
root of the penis (Fig. 379), or finally even behind the scrotum (hypo- 








FIG. 379.—Hypoxpadias with stunting of the penis. Fi. 30.—Epispadias. 
"reduced one-fourth. re (Atter Abiteld.) 


spadias perineoscrotalis), These malformations may exist in penises 
other normally developed, and depend upon a partial failure of the 
sexual furrow to cle 

Epispadias (Tig. 380) is that condition in which the urethral opening 
is found upon the dorsum of the penis. It is more rare than hypo- 
spadias, and is dependent upon a defective or delayed closure of the 
pelvis, so that the cloaca, before the closure, becomes divided into an 
intestinal (anal) and a genital opening (Thiersch). Under certain con- 
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ditions the penis remains cleft throughout its entire length; at the same 
time a fissure of the bladder and abdomen may be present. 

Hypertrophy of the prepuce is not rare. If the preputial opening 
is narrowed so that the prepuce cannot be drawn back over the glans, 
the condition is designated a hypertro- 
phic phimosis. Total absence of the 
prepuce is rare; an abnormal shortness 
is more frequent. 

Defective development of the scro- 
tum is usually associated with retention 
of the testicles in the abdominal cav- 
ity or in the inguinal canal, and leads 
to appearances whereby the external 
genital organs of the male come to re- 
semble those of the female, especially so 
when the penis is also stunted. 

In the female the clitoris as well ax 
the labia majora and minora may show 
a stunted development. Epispadias 
and hypospadias occur also in the fe- 
male sex, the former coincidently with 
@ fissure of the abdominal and bladder 
walls (Fig. 378). In hypospadias a 
portion of the posterior wall of the ure- 
thra is lacking, and the urethral open- 
ing may be found at a greater or less 
distance within the vagina. 





„E70. 81. "Completeabsence of the urethra 


Absence of the urethra occurs in external genitals, with extreme dis- 
both sexes (Fig. 381). In girls the in of ety dst an exornoe di 


bladder may open directly into the — stunting of the lower fer extremities, (In the 
vagina. as of the tubes and ovaries were 

Closure (atresia) of the urethra [14 
occurs likewise in both sexes, and re- 
sults either from a partial defect of the same or from obliteration of 
the orifice. Au accumulation of urine in the bladder may lead to a 
marked dilatation of the same (Fig. 381). 

An abnomal narrowness of the urethra may exist in a portion of 
its course or throughout its entire length. Further, its lumen may be 
narrowed as the result of a hypertrophic development of the colliculus 
seminalis. 

In rare cases multiple orifices of the urethra have been observed. 
Further, in men there may be found in the glans penisa blind tube 
lying beside the urethra. 

Atresia ani simplex is a closure of the anus, the intestine being at 
the same time well developed. It may arise from a failure of the ecto- 
derm to fold in at the anal site, or a cloaca already existing and open- 
ing outward may again become closed through subsequent adhesions 
(Frank). If the rectum does not end immediately above the anal mem- 
brane but higher up, there exists in addition to the atresia ani also an 
atresia recti, a malformation which may oceur even when the anus is 
well developed. 

When, with absence of the anus, there is also an arrested development 
of the vaginal wall, which grows downward, between the sinus urogeni- 
talis and intestine, to unite with the perineum, there remains a cloaca 
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in which the sinus urogenitalis and the end of the bowel unite. In 
other cases there are found fistulous communications between the 
rectum and the bladder or urethra (in boys) on the one hand, or be- 
tween the rectum and the vagina or uterus on the other (atresia ani 
vesicalis, urethralis, vaginalis, uterina). 

In rare cases the intestine, in the case of anal atresia, may open 
outward by means of external fistule in the perineum, scrotum, or 
sacrum. 
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(f) Malformations of the Extremities due to Arrested Development. 


§ 139. Defective development of the extremities is not rare, and is 
to be referred in part to a primary defect of the anlage of an extremity, 
in part to a disturbance in the later development of the limbs or the 
bones, and in part to constrictions caused by strands of the foetal mem- 
branes or by loops of the umbilical cord. Further, such defective devel- 
opment of the extremities may also follow malformations of the central 
nervous system. According to the degree of malformation, the following 
different forms may be distinguished: 

(1) Amelus. The extremities are completely absent; in their place 
are found only warty or stump-like rudiments. The trunk is usually 
well formed (Fig. 382). 

(2) Peromelus. Stunting of all the extremities. 

(3) Phocomelus. The hands and feet are alone developed and are 
attached directly to the shoulder and pelvis respectively. 

(4) Micromelus (mierobrachius, micropus). The extremities are devel- 
oped, but are abnormally small (Fig. 383). 

(5) Abrachius and Apus. Absenee of upper extremities with well- 
developed lower ones, or rice rersa. 

(6) Perobrachius and Peropus. Stunting of the upper or lower ex- 
tremities. 

(7) Monobrachius or Monopus. Absence of one of the upper or 
lower extremities. 
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(8) Sympus, Sirenomelia, Symmelia. The lower extremities are fused 
together (Figs, 384, 385), and at the same time turned upon their axes 
so that their external aspects are in contact. The pelvis is usually 
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defective, as are also the external genitalia, the bladder, urethra, and 
the anus, At the end of the blended extremities feet may be entirely 





Fig. 386. Fra. 387. 


Fig. 386.—Abeence of femur and fibula. Diminution in the number of phalanges. One-half natural size. 
Fia. 387.—Perodactylism with syndactylism. Left hand of a new-born child. Beven-eighths natural size. 
Fig, 388.-Sklagraph of same hand as in Fig. 387. Seven-eighths natural size, 


wanting (sympus apus) and only a few toes may be present (Fig. 384); 
in other cases (Fig. 385) one (sympus monopus) or both feet may be pres- 
ent (aympus dipus). 





FIG 380, Fra, 390. 


Fi, 389,—Malformation of the right hand, perochirus, with blending of the fingers. (After Otto.) a, 
Supernumerary thumb: thumb proper; c, stunted Index Anger; d, middle Anger; c. ring Anger: f. 
le finger, 
iG. 390.—Skeleton of the hand (perochirus) shown fn Fig. 380, seen from the dorsal side. (After Otto.) 
a-f, as in Fig. 380: g, ulna; h, radius; J, os naviculare; £, os lunatum ; 3, os triangulure ; 4, os pisiforme. 
5d, os multangulum inajus superfluum ; 5h, os multangulum ordinartum ; 6, os multangulum minus; 7, 06 
capitatum ; 8, os hamatum. 
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(9) Absence of individual bones may occur in any part of the extremi- 
ties (Fig. 388). 

(10) Perodactylism —stunting of the fingers or toes—appears in a great 
variety of forms, but in general is seen as a defective development 
(brachyphalangism) or complete absence of individual phalanges (Figs. 
386, 388, 390, c), or as membranous (Figs. 387, 389) or bony (Figs. 
388, 390, d, e) connections between the fingers (syndactylism). 

If only the outer fingers or toes are developed while the middle ones 
are lacking, there arise those formations (Figs. 391, 392) designated as 


cleft-hand and cleft-foot (Kümmel). In more extensive malformations 
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Fic. 391. Fig. 32. 
Fic. 391.—Peropus or cleft-foot. (After Otto.) Right foot. a, Great toe; b, little tee. 
Fia. 302.—Skeleton of the foot in Fig. 301, seen from the dorsal side. a, Great toe: b, little toe; c, 


rudiment of third toe; d, tibia; e, fbula; J, talus; 2, calcaneus; 3, os naviculare ; 4, os cuneiforme majus; 
5, 08 cuneiforme minus ; 6, os cuneiforme tertium; 7, os cubiforme. 


of the fingers there occur in part also malformations and defects in the 
region of the tarsal and metatarsal bones (Fig. 392) or carpal and meta- 
carpal bones respectively. These malformations are designated respec- 


tively as peropus and perochirus. Absence of the hand or foot is known 
as achirus or apus. 
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2. ABNORMAL POSITION OF THE INTERNAL ORGANS AND OF THE 
| EXTREMITIES. 


§ 140. Of the abnormal positions of the internal organs, the most im- 
portant is the one known as situs inversus viscerum—i.e., a lateral 
transposition of the internal organs, so that the position of the thoracic and 
abdominal organs forms a mirror-image of the normal position. This 
condition has been observed both in donble monsters and in single indi- 
viduals. It may be restricted to the heart alone, or to the abdominal 
organs, or more rarely to a part of the latter (situs irregularis), but. the 
last is rare. In general, abnormal positions occur especially in the case 
of the abdominal organs. For example, the kidney is not infrequently 
found in an abnormal position (dystopia renis), usually abnormally low, 
so that it approaches the sacral promontory or lies in front of the same. 
The testis is not rarely retained within the abdominal cavity (ectopia in- 
terna, or abdominalis testis, or eryptorchismus), or within the inguinal canal 
(ectopia inguinalis), or at the external ring (ectopia pubica), or in the 
fold between the thigh and scrotum (ectopia cruroscrotalis), or in the peri- 
neal region (ectopia perinealis), or in the fold of the groin (ectopia cru- 
ralis). Abnormal positions of the intestines, particularly of the colon, are 
not rare. 
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Among the abnormal positions of the extremities congenital luxa- 
tions (slipping of the articular heads from their sockets) are of especial 
interest. They are most common at the hip-joint, more rare at the 
elbow-, shoulder- and knee-joints. According to von Ammon, Grawitz, 
Kronlein, and Holtzmann, the congenital luxations are in part due to 
local arrests of development, but may also be the result of mechanical in- 
fluences. In the case of the hip-joint the disturbance of development 
results in a small and imperfect acetabular socket, and the head of the 
femur is usually more or less imperfectly developed. The small acetab- 
ulum lies in the normal position, but the head of the femur is displaced, 
most often backward (luxatio iliaca). At birth the ligamentum teres is 
always intact, and the capsule of the joint covers both the head of the 
femur and the acetabulum. After much use of the leg the ligamentum 
teres becomes stretched and may tear, the capsule becomes dilated and 
bag-like, and at the point where it is pressed against the bone may be- 
come perforated. A new joint may then be formed through the prolif- 
eration of the surrounding tissues. 

Abnormal positions of the feet and hands are to be referred partly 
to disturbances of development and partly to mechanical influences 
exerted upon the extremities during their growth. The most important 
is congenital club-foot (pes equinovarus), which, according to Esch- 
richt, is to be referred to an arrest of development, by which the foot is 
left in the foetal position, with accompanying abnormal development of 
the bones and their articular surfaces. The inner border of the foot is 
sharply elevated, and the foot at the same time brought into plantar 
flexion. The collum tali is elongated in an anterior and inferior direc- 
tion (Hüter, Adams). If the children thus afflicted learn to walk, they 
tread upon the outer side of the foot, which thereby becomes flattened, 
while the foot becomes still more sharply turned inward. 

Congenital élub-foot, though usually to be regarded as a primary dis- 
turbance of development of the affected joint, may also under certain 
conditions be caused by an abnormal pressure due to a relatively small 
uterus (Volkmann). Under these conditions develop also those patho- 
logical positions of the foot known as pes calcaneus and pes valgus, 
which are characterized partly by strong dorsal flexion and partly by 
an outward twisting of the foot. Frequently the evidences of the press- 
ure to which the feet. have been subjected are seen in an atrophic con- 
dition of the skin and portions of the bones. 

The position of the hand known as clubbed-hand or talipomanus is 
caused by a rudimentary development of the radius, and 1s usually asso- 
ciated with other malformations. 
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3. MALFORMATIONS DUE TO EXCESSIVE GROWTH OR MULTIPLICA- 
TIONS OF ORGANS OR BODY-PARTS. 


§ 141. The malformation known as general giant growth occurs as 
the result of an excessive growth of the entire body, either during intra- 
uterine life or later. During extra-uterine life such an abnormal growth 
may occur that the size of the affected individual may far exceed the 
maximum normal limits. 

Partial giant growth may also take place during intra-uterine life or 
after birth. The head and portions of the extremities are usually af- 
fected. <A unilateral giant growth is usually restricted to the half of the 
face or to one extremity, but in very rare cases the hypertrophy may in- 
volve all the parts of one side: face, trunk, and extremities. In extra- 
uterine life trauma sometimes gives the impulse to a pathological excess 
of growth. 

In the pathological hypertrophy of an extremity, or of a portion of 
the same, as a finger, the structure of the part may in general preserve 
its normal relations, in that all the constituent tissues participate in the 
increased growth. In other cases the tissues are not equally involved, 
so that, for example, the soft parts, particularly the fat tissue, may be- 
come especially increased in amount. Further, the enlarged soft parts 
of the extremities often show a pathological structure, containing, for 
example, abnormally developed blood- and lymph-vessels. When the 
extremities are disfigured as the result of such an increase of tissue, the 
condition is usually called elephantiasis. If the thickened areas are 
sharply circumscribed, the formations are regarded as tumors, and, ac- 
cording to their structure, are classed with the angiomata, lymphangio- 
mata, and fibromata (see §§ 103, 108, 109). On the trunk the local 
excesses of tissne-growth occur most frequently in the form of elephan- 
tiasis-like formations, or as tumors. The same is true of such growths 
of the soft parts of the face; the lips, cheeks, and tongue not infre- 
quently being more or less enlarged and disfigured through the forma- 
tion of connective-tissue hyperplasias richly supplied with lymphatic 
vessels. 

Circumscribed hypertrophies of the bones occur in various portions 
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of the skeleton, and are sometimes multiple. The bones of the skull 
as well as those of the face may be thus affeeted, and there occur cases 
in which the hypertrophy of the bone may be so extensive that one or 
both of these regions may show marked disfiguration, and there are pro- 
duced conditions which are known under the general term of leontiasis 
ossea (Fig. 126). Cireumscribed hypertrophies of the bones lead to the 
formation of osteomata or exostoses, which are often multiple. On the 
trunk and extremities local growths of bone may lead to the enlargement 
of single bones as well as to the formation of atypical excrescences 
known as osteomata and exostoses, which are not infrequently multiple. 


Literature. 
(Giantism.) 


Andersen: Riesenwuchs der Extremitäten. St. Thom. Hosp. Rep., London, 1882. 
Arnheim: Congenitale halbseitige Hypertrophie. Virch. Arch., 156 Bd., 1898 (Lit.). 
Bessol- Hagen: Part. Riesenwuchs u. multiple Exostosen. Langenbeck’s Arch., 41 
.. 1891. 

Buhl: Ein Riese mit Hyperostose. Mitth.a.d. path. Inst. München, 1878. 
Busch: Riesenwuchs der Extremitäten. Arch. t klin. Chir., vii., 1866. 
Curling: Riesenwuchs der Finger. Med.-Chir. Trans., xxviii., 1845. 
Ewald: Ilypertrophie der Hand. Virch. Arch., 86 Bd , 1878. 
Fischer: Riesenwuchs der Extremitäten. Deut. Zeitschr. f. Chir., xii., 1880. 
Fränkel: Makrosomia. Virch. Arch , 46 Bd., 1869. 
Friedberg: Riesenwuchs der Extremitäten. Ib., 40 Bd., 1867. 
Friedrich: Halbseitige congenitale Kopfhypertrophic. Ib , 28 Bd., 1868. 
Gruber: Makrodaktylie. Ib., 86 Bd., 1872 
Kessler: Ucber einen Fall von Makropodia lipomatosa. Inaug.-Diss., Halle, 1869. 
Little: Riesenwuchs der Extremitäten. Trans. Path. Soc., 1866. 
Trélat et Monod: De l’hypertrophie unilatérale. Arch. gen. de méd., 1869. 
Vierordt, H.: Anatom., physiol. u. physikal. Daten u. Tabellen, Jena, 1893. 

See also 8 77. 


8 142. The occurrence of supernumerary organs, or of a multipli- 
cation of parts of the skeleton, and of the muscular system, is relatively 
frequent. Such phenomena are to be attributed in part to a cleavage or 
multiple appearance of the given anlage, and in part to a more marked 
development or persistence of organs which normally remain in a rudi- 
mentary state, or undergo retrogression during the period of growth. 
Further, certain of the conditions included under this head may be re- 
garded. as rerersions. 

1. Duplications of the extremities. _\ duplication of an entire ex- 
tremity without the duplication of the pelvic or shoulder bones has not 
been observed in man. Duplication of the hands and feet is very rare 
(Fig. 393), but a number of cases are reported in the literature. The 
number of fingers may reach nine or ten. 

Much more frequent is a multiplication of the fingers (polydactyl- 
ism) on a single hand (or foot respectively ), in which condition the super- 
numerary fingers (or toes) are attached in part at the ulnar or radial side 
(or tibial and fibular sides respectively), or in part Intercalated between 
the others (Figs. 3%, a; 394). Often the fingers are duplicated only in 
part—that is, by the cleavage of the first or the first and second terminal 
joints (Figs. 395, 396). Those attached at the margin of the hand may 
be well developed (Fig. 394) or rudimentary. Occasionally they appear 
as small peduneulated fibrous tumors. In the fully developed super- 
numerary fingers or toes the phalanges (Fig. 394) may articulate with 
the metacarpal or metatarsal bones of a neighboring finger or toe, or with 
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their own (supernumerary ) carpal or tarsal bones (Fig. 390,5a). Poly- 
dactylism in certain cases is inherited and is therefore dependent upon 
intrinsic causes. A duplication of 
& finger may also occur through 
cleavage of the anlage under the in- 
fluence of intra-uterine influences, 
and is consequently not inheritable. 








rove 
\ 
Fi. 383, Fig, 39. 


FiG. 309. Polydactylism with forking of the hand. (After Lancereaux.) 
Fra. 394.—Polydactyliam in a new-born child. Skeleton, Duplication of the phalanges of the fourth 
and Afth fingers. nal size. 











Fig, 985.-- Polydactylism and syndactylisu of the left hand. Reduced one-Ofth. 
Fig, 396.—Polydactylism and syndactylism of the right foot, Reduced one-fifth, 
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2. Supernumerary nipples and breasts (hyperthelia, hyper. 
mastia) are not uncommon malformations in both sexes, and are prob- 
ably to be regarded as a reversion to polymastie racial ancestors. The 
supernumerary organs are usually situated on the thorax, along two lines 
converging from the axillary to the inguinal regions, but in rare cases 
they may be found elsewhere—in the axilla, on the shoulder, on the 
abdomen, back or thigh. They are usually small, but in the event of 
pregnancy may take on functional activity. The number of the nipples 
may reach as high as ten. 

3. The formation in men of breasts resembling those of women 
(gynecomastia ) is rarely seen in well-developed men with normal sex- 
ual apparatus (see Hermaphrodism, $ 143), but it not infrequently hap- 
pens that the male breast undergoes a moderate enlargement at the time 
of puberty. 

4. Duplication of the penis is of very rare occurrence, and may be 
associated with the formation of two urethrw having independent open- 
ings into the bladder, and with two scrota, the two penises being typi- 
cally developed (Lange). 

5. Supernumerary bones and muscles are of frequent occurrence. 
Supernumerary vertebre may be found in any part of the spinal column; 
and at its lower end may in rare cases cause a lengthening of the column, 
resulting in the formation of a tail. According to Virchow, three forms 
of tails may be distinguished: true tails containing bones; false or im- 
perfect tails which represent an elongation of the vertebral column, 
but contain neither cartilage nor bones (so-called pig’s-tail) ; and tail-like 
appendages of skin which consist of different forms of tissue, and in part 
are to be classed with the teratomata. The true tails are very rare; ac- 
cording to Bartels, they are more often the result of a separation or 
elongation of the vertebrie than of an increase in their number. 

Supernumerary ribs in the neck or lumbar region, as well as a forking 
of the ribs, are not rare. 

Supernumerary teeth also occur. 

6. Duplication or cleavage of the anlage of the thoracic and ab» 
dominal organs occurs most frequently in the ease of the spleen, pan- 
creas, adrenals, ureters, pelvis of the kidneys, and lungs, more rarely in 
case of the ovary, liver, kidney, testicle, and bladder. 
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4. TRUE AND FALSE HERMAPHRODISM. 


& 143. The fact that the sexual organs, both the sexual glands and 
the external genitals, of both sexes, develop from originally similar 
anlage which contain the beginnings of all the sexual organs of both 
sexes, makes it a priori probable that malformations might result through 
unequal development of the anlage of the right. and left sides, or through 
a simultaneous development of organs peculiar to both sexes, or finally 
through a lack of harmonious development of the external and internal 
genitals. 

Those malformations which are to be referred to some one of the factors 
named, and which are characterized by the fact that the sexual apparatus 
of a single individual contains parts belonging to both the male and 
female, are grouped under the designation hermaphrodismus (Fig. 
397). When both sexual glands (testis and ovary) are present. the con- 
dition is called hermaphrodismus verus (hermaphrodismus glandularis, 
Siegenbeek van Hehkelom). If the mixing of sexual characteristics 
consists merely of a combination of male and female genital passages 
with the external genitalia of the opposite sex, the condition is known as 
pseudohermaphrodismus. The true sex is determined by the nature of 
the sexual glands. 

The body build of hermaphrodites frequently shows a curious mix- 
ture of male and female characteristics. Forexample, the breasts, neck, 
and shoulders may correspond to the female type, while the develop- 
ment of the beard, face, larynx, and voice may correspond to the male 
type. In false hermaphrodites the body characteristics do not always 
correspond to the true nature of the sexual glands; a male may resem- 
ble a female, and vice versa, 





528 DISTURBANCES OF DEVELOPMENT. 


University in Prague, in which the histological examination showed on 
the right side a testicle (Fig. 397, 0), and on the left side an ovary (k), 
but it is to be noted that ova were not seen in the latter. The right 
broad ligament contained a testis (0), an epididymis (p), a vas deferens 
(q), rudimentary tube (2), a round ligament (r); the left broad liga- 
ment, on the other hand, contained an ovary (k), with an ovarian liga- 
ment (1), and a well-developed tube (i). Moreover, a uterus (h), 
vagina (g), and also a prostate (b) were present. According to the re- 
ported observations, the corresponding sexual passages may be wholly or 
in part wanting. The external genitals are malformed, and: combine 
structures belonging to both sexes. 

II. Hermaphrodismus spurius, or pseudohermaphrodismus, is 
characterized by a bisexual development of the sexual passages and ex- 
ternal sexual organs in association with a unisexual development of the 
essential sexual gland. The most 
pronounced cases occur in males, 
who, in addition to their proper 
sexual organs, possess a more or 
less well-developed vagina, uterus, 
and tubes. It is much more 
rare to find in females a develop- 
ment of a portion of the Wolffian 
duct. 

In male false hermaphrodites 
the external genitals are frequent- 
ly malformed and approach the 
female type, while in female false 
hermaphrodites the external geni- 
tals resemble those of the male 
(Fig. 398). 

The resemblance of the male 
external genitals to those of the 
female is brought about by a 
stunting of the penis and a total or 





F1G. 208.—External genitals of a female false her- Bi f 
maphrodite, with stenosis of the vaginal oritce. a, partial failure of the sexual fur- 


Penis-like clitoris; b, labia majora. row in the penis to close (h; . 


. padias), so that the two halves of 
the scrotum are separated, leaving a depression beneath the root of the 
penis, which represents the remains of the sinus urogenitalis. The scrotal 
halves come, therefore, to resemble the labia majora, particularly in the 
case of non-descent of the testicles. The external genitals of the female 
approach in appearance those of the male through the development of 
the clitoris into a sort of penis (Fig. 398, a), while the vaginal opening 
is narrowed or closed through the union of the labia. The vagina and 
urethra have a common opening, or open separately beneath the penis- 
like elitoris. 

The atypical development of the external genitals may or may not 
be associated with malformations of the sexual passages; and is, there- 
fore, not dependent upon malformations in other portions of the sexual 
apparatus. 

1. Pseudohermaphrodismus masculinus occurs in three varieties: 

First, pseudohermaphrodismus masculinus internus, in which condition 
the external genitals are of the male type, and the prostate is developed, 
but is usually pierced at the colliculus seminalis by a canal opening into- 
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the urethra, the former being continued above into a rudimentary or 
more or less well-developed vagina, often also into a more or less well- 
formed uterus, and even tubes. The male organs may be well developed 
or more or Jess malformed. 

Second, pseudohermaphrodismus masculinus completus, or externus et in- 
ternus, in Which form the vagina, uterus, and tubes are present in a state of 
rudimentary or more or less complete development, while the external 
genitals resemble more or less completely the female tvpe. The penis 
presents the condition of hypospadias and resembles the clitoris; beneath 
it lies a furrow at whose posterior end there is usually an orifice leading 
into a short vestibule which divides at once into a urethra and a vagina. 
Sometimes the vagina and vestibule are separate. In rare cases the ex- 
ternal genitals appear normal, but the penis contains a double canal, the 
upper one representing the urethra, the other the sexual passage. In 
the case of a more marked development of the ducts of Miiller the vasa 
deferentia are frequently defective, and the seminal vesicles are some- 
times wanting. 

Third, pseudohermaphrodismus masculinus ezternus, in which only the 
external genitals depart from the male tyne, and resemble more or Jess 
closely the female. As in these cases the bodily habitus often simulates 
that of the female, the true sex of the individual may easily be mis- 
taken. 

2. Pseudohermaphrodismus femininus also occurs in three similar varie- 
ties, but is of much rarer occurrence. 

In pseudohermaphrodismus femininus internus rudiments of the Wolffian 
ducts, lying in the broad ligament or in the uterovaginal wall, and some- 
times extending to the clitoris, are found in association with well-devel- 
oped external genitals. 

Pseudohermaphrodismus femininus externus is characterized by external 
genitalia resembling those of the male (Fig. 398). 

Pseudohermaphrodismus femininus externus et internus, in which the ex- 
ternal genitals resemble those of the male and there is a persistence of 
parts of the Wolffian ducts, is very rare. Of the internal male genitalia, 
there was found in one case a prostate, and in another case a prostate 
pierced by the vagina, an ejaculatory duct, and a sac resembling a semi- 
nal vesicle, which opened into the vagina. 


The Internal sexual organs develop from the same undifferentiated anlage in both 
males and females. These anlage consist of a sexual gland lying on the medial ante: 
rior side of the Wolffian body, and a aernal passage known as the duct of Müller. The 
latter develops beside the Wolffian duct, and, like it, empties into the lower end of the 
bladder or into the sinus urogenitalis. 

In the male the duct of Miller disappears, only slight traces in the form of the 
uterus masculinus or vesicula prostatica remaining; the primitive sexual gland unites 
with a small part of the Wolfen body, which becomes the head of the epididymis, 
another small portion forming the vasa aberrantia testis (organ of Giraldes), the re- 
mainder disappears, while the Wolffian duct becomes the vas deferens and vesicula 
seminalis 

In the female the Wolffan body and its duct disappear, leaving only a trace in the 
form of the gland-tubules known as the parovarium, but remains of the duct are not 
infrequently found preserved in the uterine wall. From the ducts of Miller, which in 
part coalesce at their lower ends, develop the vagina, uterus, and tubes. The extreme 
upper end of the duct of Maller not infrequently persists in the form of a little pedicled 
sac attached to the abdominal end of the tube, the hydatid of Morgagni. 

The anlage of the sernal glands appear in the fifth week. In mammalia (probably 
also in man) they develop through a localized thickening of the peritoneal epithelium, 
which becomes the germinal epithelium (Waldeyer), while at the same time the meso- 
derm also proliferates. Whether the seminal tubules arise from peritoneal epithelium 
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(Bornhaupt Egli), or whether they are derived from an ingrowth of the Wolffian body 
into the testis-anlage (Wuldeyer), is still an undecided question (Kélliker). The ova 
arise from germinal epithelium. The environing cells of the Graatian follicle are 
regarded by Wuldeyer as also derived from the germinal epithelium; while Kölliker 
believes that they probably arise from the Wolftian body. 

The significance of the pedunculated and non-pedunculated hydatids, found in vary - 
ing numbers near the globus major of the epididymis, is not yet determined (Kölliker). 
The non-pedunculated cyst known as the hydatid of Morgagni is regarded by Waldeyer 
as a remnant of the duct of Müller. According to Roth, it may also stand in a close 
relation to the Wolffian body, inasmuch as there is occasionally found a vas aberrans 
of the epididymis communicating with it. 

In the development of the vagina and uterus the ducts of Müller and the Wolfian 
ducts unite at their lower portion to form a rounded quadrangular cord, the genital 
cord. At the end of the second month the ducts of Müller blend to form a single canal, 
which then develops into the vagina and uterus. This union takes place first near the 
middle of the genital cord. The Wolffian ducts play no réle, though remains of these 
are found at birth in the broad ligament (Hölliker) and inthe wall of the uterus (Biegel). 
According to observations of Riedel, remains of the Wolffian duct are found in about a 
third of adult females, in the form of a tube lined by cylindrical epithelium surrounded 
by muscle, or as a muscle-bundle without epithelium, lying anteriorly and to the side 
of the uterus and vagina. 

The external genitals begin to develop, even before the cloaca has separated into 
the intestinal and genito-urinary orifices, by the formation, in the sixth week, of a me- 
dian genital tubercle in front of the cloaca, and further, of two lateral folds, the genital 
folds. Toward the end of the second month the tubercle becomes more prominent, and 
shows on its lower surface a furrow, the genital furrow. Inthe third month the cloaca 
becomes divided to form the anal and genito-urinary openings. In the male embryo 
the genital tubercle becomes the penis, the glans being recognizable as early as the 
third month. In the fourth month the furrow closes to form a tube; at the same time 
the two genital folds unite to form the scrotum. 

The prepuce is formed in the fourth month. The prostate arises in the third month 
as a thickening of the tissues at the junction of the urethra and the genital cord. The 
glands of the prostate develop in the fourth month from the epithelium of the canal 
and grow out into the surrounding connective tissue. 

n the female embryo the closure of the genital furrow and the genital folds does 
not take place, so that the sinus urogenitalis remains short. The genital eminence 
becomes the clitoris, the folds become the labia majora, and the edges of the genital 
furrow the labia minora. 
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5. DOUBLE MONSTERS. 
(a) Classification of Double Monsters. 


$ 144. Twin-formations lying within a single chorion may be divided 
into two large groups: ticins completely separated from one another, and 
ticins united by some portion of their bodies. 

Of the twins completely separated from one another there may be 
distinguished two types; one in which both tırins are fully developed, and 
one in which one twin is stunted. 

Twins joined together by portions of their bodies may likewise be 
also divided into two groups: twins showing uniform development and twins 
showing an unequal development. 

According to the situation of the duplicated portions of the body, 
there may be distinguished (Foerster) : 

1. Monstra duplicia katadidyma or duplicitas anterior. 

2. Monstra duplicia anadidyma or duplicitas posterior. 

3. Monstra duplicia anakatadidyma or duplicitas parallela. 

In general, these may also be conveniently divided into three classes 
(Taruffi) : 

1. Twins united chiefly by the epigastrium and thorax. 

2. Twins united chiefly by the heads. 

3. Twins united chiefly by the pelves. 

Ahlfeld divides the double monsters into two chief groups, those with 
complete and those with partial doubling of the axial structures. 

In very rare instances triple monsters occur. 
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(b) The Chief Forms of Double Monsters. 


$145. Twins separated from each other and lying within a single 
chorion are designated homologous twins. They are always of the same 
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sex, have usually a common placenta, 
closely. If from any cause one of the tw should die after its body has 
been developed, it may be pressed flat by the continued growth of its 
fellow, giving rise to the condition known as foetus papyraceus. 

When twins possess & common placenta within which the blood- 
vessels have abundant anastomoses, the heart of the stronger foetus 
may control the circulation and thereby cause changes in the direction of 
the blood-stream in the weaker twin. Asa result of this the latter suf- 
fers severe disturbances of development, and becomes changed into an 
acardiacus, a monster without a heart, either developing no heart at all or 
only a rudimentary one. In the ma- 
jority of such cases the head also fails 
to develop (acardiacus acephalus) or re- 
mains rudimentary (acardiacus paraceph- 
alus), and likewise there is usually no 
development, or only a rudimentary 
one, of the upper extremities, thorax 
walls, lungs, and liver, while the ab- 
domen, pelvis, and lower extremities 
are more or less perfectly formed (Fig. 





id resemble each other very 























Fro. 400. Acardiarus peeuloarormun. (After Barkow.) a, Head; D, rudiment of the left upper ex- 
tremity; c, rudimentary Intestine; dl, artery : 


399). According to the development of the extremities the following 
varieties may be distinguished: acardiacus paracephalus (or acephalus) 
sympus, monopus, dipus, monobrachius, dibrachius. 

In rarer cases there is no recognizable development of any part of the 
body, and there is formed an acardiacus amorphus, consisting of a shape- 
less mass covered with skin, usually without any indications of extremi- 
ties, and possessing internally only rudiments of organs, 

Of very rare occurrence is the formation known as an acardiacus 
pseudoacormus (Fig. 400)—that is, a monster in which the head (a) only 
is developed, while the other parts of the body are represented only by 
small rudiments (b, ¢). 
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Missbildungen, Virch. Arch., 


$ 146. Twins equally developed and united to each other occur in 
the following priucipal types: 

1. Duplicitas anterior (monstra duplicia katadidyma). Anterior du- 
plication with union of posterior portions of the body. 

Pygopagus (Fig. 401). Union of the twins in the region of the 





Fra. 401. Fria. u, 


Fra. 401 Pygopagua (After Marchand.) A. B, The two twina: a. D, ‘tumbitical cords; 
blended” umbiiieal cords non placenta. “There is a single art he RE 
Vertebr downward): and the lower end of tbe ie ” Sen 
minate In one anal opening. Vestibule of vagina single, tbe remalmiag pe 
IR. Ischloimgus. (After Levy.) 





coceyx or of the sacrum. According aa * 
sive, the sacrum, coceyx, lower end: 
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end of the bowel, and the sexual apparatus are either doubled or are in 
part single. 

Ischiopagus (Fig. 402). Union of the twins in the pelvis, which 
thereby forms a wide ring, the two sacra being placed opposite each 
other. The anus, lower end of the bowel, and the sexual organs may 
be single or double, and the number of the lower extremities two to 
four. 

Dicephalus (Fig. 403) and diprosopus (Fig. 404). The duplication 
is limited to the upper part of the trunk and head, or only to the neck 
and head, or the head alone, or, finally, only to portions of the head. 
As the external blending increases in extent, there occursalso a blending 





Fig, 403.—Dicephalus dibrachtus dipus. Fig. 404.—D{prosopus distomus tetrophthalmus dio- 
tus dibrachius. 


of the internal organs, the intestine, liver, lungs, heart, spinal cord, 
brain, ete. According to the number of the lower and upper extremi- 
ties there may be distinguished dicephalus tetrapus, dipus, tetrabrachiua, 
tribrachius, dibrachius (Fig. 403). When the heads have blended there 
may be distinguished diprosopus, tetrophthalmus, triophthalmus, diophthalmus, 
tetrotus, triotus, diotus, distomus, monostomus, tribrachius and dibrachius (Fig. 
404). 

The mildest grades of duplicitas anterior are represented by the rare 
cases of duplication of the jaw, mouth, or nose, 

2. Duplicitas posterior (monstra duplicia anadidyma). Union of the 
twins at the head and thence farther downward with duplication of the 
posterior parts of the body. 

Craniopagus (Fig. 405). 








Union of the twins in the eranial region. 
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3. Duplicitas parallela 
(monstra  duplicia anakatadidy- 
ma). Duplication of the ante- 
rior and posterior ends of the 
hody with parallel positions of 
the trunk. 

Thoracopagus (Fig. 407). 
Union of the twins by the 
thorax. According to the site 
and extent of the union, as well 
as the number of extremities 
present, there may be distin- 
guished different forms, partic- 
ularly the following: ziphopagus 
(union at the xiphoid process), 
sternopagus (union at the ster- 
num), thoracopagus tetrabrachius, 
tribrachius, dibrachius, tetrapus, 
tripus, and dipus. When por- 
tions of the faces have blended 
there results a prosopothoraco- 
pagus. Blending and union of 
the internal organs into single 
organs vary with the degree of 
external blending. The heart 


FG. 401.—" tribrachius tripus, The band i i 
of i Sia m nes ie ooh Ma, ae We Liar ome mel feed, 





two dorsal surfaces, and the laterally distorted fingers the latter case malformed. 
Pier toca on both sides. The cominon third foot bas Thoracopagus is relatively fre- 
quent. 


Rachipagus Blending of the twins in the region of the spinal col- 
umn is very rare. 
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$147. Twins joined together but unequally developed may occur 
in any of the double forms described in § 146. If the development of 
one of the twins remains rudimentary and if its heart does not develop, 
its nourishment can come only. through its well-developed fellow. The 
better developed of the two is then known as the autosite, the other as 
the parasite. If the parasite is of only v rudimentary development, 
it may be classed with the bigeminal teratomata (cf. 8§ 128 and 129). 
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mation may be regarded as a dipygus parasiticus. Further, there not 
infrequently veeur coccygeal teratomata in which the presence of rudimen- 
tary extremities (Fig. 410, a, b, ¢) or of various body elements leaves no 
doubt that the tumor-like formation covered by the skin of the autosite 
is to be regarded as a double monster, a rudimentary pygopagus, or else as 
a dipygus parasiticus, Such a parasite is designated as an epipygus. 

Supernumerary extremities (Fig. 411) may also be found upon the 
trunk, or there may occur a headless trunk with extremities (Fig. 412), or a 
rudimentary thorax without extremities, or, finally, teratomata which may be 
interpreted as thoracopagus parasiticus and 
as dipygus parasiticus. The malformation 
is also often called epigastrius. 

The inclusion of such teratomata be- 
neath the skin of the abdomen or thorax, 





Fis. 41. 


Fig. 412.—Thorueopugus parnalticus. (After Schenk von Grifenberg.) Parasite attached to chent of 
autonite. 


Fig. 413.—Epignatbus. (After Lancereanx.) 





or within the abdominal or thoracic cavities of the autosite, gives rise 
to the condition known as inelusio fetalis subeutanea, or abdominalis, or 
mediastinalis. The abdominal inclusion is also designated engastrius, 

In the region of the head rudimentary twin-formations appear most 
often in the mouth cavity, forming usually an amorphous mass, firmly 
attached to the base of the skull, and consisting of skin, connective tis- 
sue, cartilage, bone, brain-tissuie, teeth, intestinal elements and muscle, 
and rarely developed extremities. Such malformations are included 
under the designation of epignathus (Fig. 413). 

On other parts of the head rudimentary twin-formations or bigemi- 
nal teratomata are very rare (cf. $§ 128, 129). 
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CHAPTER X. 


The Parasitic Fission-fungi and the Diseases Caused 
by Them. 


I. ‘General Considerations Regarding the Schizomycetes or Fission- 
fungi. 


1. GENERAL MORPHOLOGY AND BIOLOGY OF THE FISSION-FUNGI. 


§ 148. The Schizomycetes or fission-fungi, often also designated 
collectively as bacteria, belong to the protophytes—that is, to the smallest 
simplest forms of plant-life. Many of them are so small that they stand 
upon the very border-line of invisibility even with the use of the highest- 
power objectives and eye-pieces. When occurring in animal tissues, it 
is often very difficult to distinguish them from the products of cell-dis- 
integration; and often this can be accomplished only through the em- 
ployment of specific reagents or staining-methods, and occasionally only 
through culture experiments. 

The Schizomycetes throughout are non-chlorophyllaceous, unicellular or- 
ganisms, but as a result of their growth and multiplication they often 
form colonies made up of numerous cells. 

The form and character of the single cells, as well as their manner of 
growth, division, and multiplication, vary greatly, and at present these 
differences are used as a basis for the classification of bacteria. In the 
first class are placed the Cocci, often designated as Micrococei or as Sphero- 
bacteria (Cohn), that form of bacteria which constantly oceurs in the 
form of spherical or oval cells. According to the grouping of the cells 
during their division, there may be distinguished six forms of cocci: 
double-cocei or Diplocoeci, chain-cocei or Streptococci, clustered cocci or Staph- 
ylococei, tablet-cocei or Merismopedia, packet-shaped cocci or Sarcine, and 
tube-cocci or Ascococci. 

The second class constitutes the Bacilli (rod-shaped bacteria) which 
formerly were divided by Cohn into Alicrobacteria and Desmobacteria, ac- 
cording to the length of the rods. These may also be designated as short 
rods ayd long rods. In association with the designation bacillus many 
authors use the term Clostridium, particularly for bacilli which during 
spore-formation assume spindle or club shapes. Long threads are often 
also called Leptothriz. 

To the third class belong the Spirilla (screw-shaped bacteria). 
Screw-shaped forms with short, wide turns are known as Spirilla, those 
with drawn-out turns as Vibrios, those with a long, closely wound screw as 
Spirochwtes. According to their length the spirilla may also be divided 
into short screws and long screics. 

All of the bacteria thus far referred to occur either in one single form 
or in a very limited cycle of forms of growth, and they may therefore be 
grouped together as monomorphous or oligomorphous bacteria. Cohn, 
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to whom we are indebted for the fundamental investigations regard- 
ing bacteria, united under the term bacteria only the oligomorphic 
forms. 

Many writers, however, classify also as bacteria those organisms which 
during their development pass through a whole series of forms: spherical 
cells, as well as rods and simple and branching threads. These may be 
collected into a second group—the polymorphous bacteria—to which 
belong in particular the fungi known as Streptothrix, Cladothrix, Beg- 
giatoa, and Crenothrix, Other authors (Lehmann, Neumann, Levy, Lu- 
barsch) classify these forms with the Hyphomycetes or regard them as 
transition forms between the latter and the Schizomycetes. 

All of the Schizomycetes consist of a plasmatic cell-contents and a 
cell-membrane, both of which, according to Nencki, consist essentially 
of an albuminoid body, mycoprotein, which varies with the species. 
Many bacilli contain fat within their cell-bodies, at times so abundantly 
that it may be demonstrated by staining with Sudan III. Some of 
these bacteria (tuberele-bacillus, lepra-bacillus, and actinomyces) show 
the presence of fat both when growing in living tissues and when culti- 
vated upon artificial media; others (staphylococcus aureus, anthrax- 
bacillus, bacillus of glanders) show the presence of fat only when grown 
upon certain media (Sata). According to A. Fischer the cell-contents 
consist of a protoplasmic tube without a nucleus, but containing a cen- 
tral collection of fluid. Bütschli, Schottelius, and others regard the cen- 
tral bodies, recognizable in certain bacteria, as nuclei. According to 
investigations by Ziemann, Zettnow, and Feinberg, it is possible by 
staining with a mixture of methylene-blue and eosin (Romanowski-stain) 
to demonstrate in the cells of the majority of bacteria a “nuclear sub- 
stance,” or “chromatin” (Ziemann, Zettnow), or “nueleus ” (Feinberg) 
—that is, bodies of varying size lying within the bacteria, which stain red 
as do the nuelei of malarial plasmodia (Romanowski) or of other proto- 
zoa or of tissue-cells, while the protoplasm takes a blue color. Aceord- 
ing to Naegeli, Zopf, and others, many schizomyeetes possess a membrane 
of cellulose or of a carbohydrate closely related to cellulose. In many 
forms of bacteria the membrane swells under certain conditions of 
growth, and forms a capsule having a hyaline appearance. Certain bac- 
teria (red sulphur-baeteria) contain coloring matter within their cell- 
bodies, others ( Bacillus amylobacter, Spirillum amyloferum) give at certain 
stages of their growth a marked reaction with jodine. 

In all forms of bacteria, with the exception of the cocci, there have 
been observed swarming Movements which are brought about by means 
of fine thread-like flagella attached singly at the ends or seattered over 
the entire bacterial cell. Im addition there also oceur slow oseillatory 
or vliding and creeping movements which are dependent upon the con- 
tractile and flexible qualities of the plasına. Both forms of motion oecur 
only under certain conditions of nutrition and growth, and only in cer- 
tain species, 

Multiplication of bacteria takes place through a transverse division 
of cells which have previously become elongated. Im some forms divi- 
sion can also take place intwo or even three dimensions. After division 
the cells separate Immediately or remain for a time attached to each 
other. When the cells remain attached after dividing transversely, 
threads are formed (Streptococcus, Leptothric); after dividing both trans- 
versely and longitudinally, flat, tablet-like colonies (Merismopedia) ; 
after dividing in all three dimensions, colonies resembling a solid body 
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(Sarcina) are produced. Long threads may become segmented inte 
shorter pieces. 

According to the investigations of Buchner, Longard, and Riedlin, the 
period of reproduction—that is, the time from one cell-division to the 
next—is, in the case of the cholera-spirillum under favorable conditions 
of nutrition, about fifteen to forty minutes. 

If resting bacterial cells, as the result of a constantly progressing re- 
production or through the accumulation of neighboring cells, heap them- 
selves anywhere in great masses, there are often formed jelly-like colo- 
nies, which are called zoöglea. The jelly-like substance is formed from 
the membranes of the bacterin and, aceording to Nencki, consists of 
mycoprotein. The jelly masses may assume the most varied form, and 
occasionally reach a large size, so that the clumps, or lobulated masses, 
or strands may attain a diameter of one to three or more centimetres. 

Under certain conditions many of the bacteria form spores. These 
are cells which are distinguished by the fact that they remain alive under 
conditions in which the ordinary forms of vegetation die; and, when 
brought into fresh nutrient solutions, are able to produce a new gener- 
ation. Spo-e-formation is most frequently endogenous—that is, the spore 
arises inside the cells (particularly in bacilli), and is developed out of 
the cell-protoplasm, in which there appears a small granule which grows 
into an oblong or -round, highly refractive, sharply-contoured body 
always remaining smaller than the mother-cell. After the death of the 
latter the spore is set free. Arthrogenous spore-formation, as observed in 
micrococci, is said to oceur through the direct assumption of spore-quali- 
ties by individual members of acolony or of a series of generations, which 
at the same time remain externally unaltered or take on other morpho- 
logical peculiarities. | 

In old eultures bacteria nearly always show degeneration-forms, 
which are swollen and distorted, and stain poorly and irregularly. 

As non-chlorophyllaceous plants, the schizomycetes are restrieted in 
their nutrition entirely to ready-formed organic substances which are 
soluble in water, and which are also supplied to them in an abundance 
of water. In addition they need also various mineral substances, 
especially sulphur, phosphorus, potassium or rubidium, or cesium and 

:aleium (or magnesium, barium, or strontitun ). 

The carbon necessary to their growth they are able to take from most 
of the carbon compounds which are soluble in water. They can also 
derive their carbon from dilute solutions of substances which in greater 
concentration are injurious to them—as, for example, from benzoic acid, 
alcohol, salicylic acid, phenol, ete. 

Their nitrogen is derived from albuminous matter: further, from those 
compounds designated as mins (inethyl-, ethyl-, propylamin ), amido-acids 
(asparagin, lenein) and amides (oxamide, urea), as well from the «ant- 
monia-salts and in part also from nitrates. The albuminates, previous to 
their assimilation, are changed into peptone by means of a ferment given 
off from the bacteria. Free nitrogen cannot be assimilated as such. 
Nitrogenous and non-nitrogenous compounds are not only assimilable as 
such, but also in combination. The fission-fungi are able to take nitro- 
gen from ammonia and nitrie acid only in the presence of organic carbon 
compounds. 

Sulphur, according to Naegeli, is essential to the schizomycetes, and 
they take it from sulphates, sulphites, and hyposulphites. The other 
mineral substances mentioned above are derived from various salts. If in 
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immobility due to cold occurs at different temperatures with different: 
varieties. The most favorable temperature for development lies between 
30° and 40° C. for the anthrax bacillus; at temperatures above 44° and 
below 15° C. its development ceases. Many bacilli form spores only at 
high temperatures. 

Boiling water and steam at 100° C. kill all bacteria and bacterial 
spores if allowed to act for sometime. In dry air bacteria and their 
spores withstand higher temperatures, so that a temperature of 140° C. 
for three hours is necessary to kill the latter. Many bacteria are killed 
at a temperature of 60° to 70° C., provided it is kept up for a very long 
time. 

Anthrax-spores die in boiling water in two hours, in confined steam 
in ten minutes. The action of steam at 105° C. for ten minutes kills all 
spores. Live steam kills all spores in ten to fifteen minutes, and pene- 
trates very well into the objects to be disinfected (Koch, Gaffky, Loffler). 

If fission-fungi find themselves in a suitable medium, their multiplica- 
tion can still be brought to a standstill, since the fluid may contain sub- 
stances which hinder the growth of the bacteria or even kill them. 
This effect is produced by many substances (sublimate, lysol, carbolic 
acid, iodine, formaldehyde, ete. )—even in comparatively great dilution. 
Other substances act injuriously upon the bacteria only when in stronger 
concentration. The point at which the multiplication is hindered is 
always reached at a much greater dilution than that at which the bacteria 
are killed. Spores are much more resistant than the vegetative forms. 

Many bacteria are very sensitive to acids, so that even a slight degree 
of acidity hinders their growth (for example, anthrax bacilli and the 
Frankel-Weichselbaum pneumococcus). Others are able to grow with a 
moderate amount of acid in the nutrient fluid. Asa general rule they 
are especially sensitive to mineral acids, but the presence of a large 
amount of citric, butyric, acetic, and lactic acids hinders also their mul- 
tiplieation. Im this connection belongs the fact that the products of 
decomposition caused by the fermentative action of the fungi are at a 
certain’ degree of concentration harmful to the development of the fun- 
gus, and finally stop its growth entirely. Thus, for example, in butyric- 
acid and lactic-acid fermentation the amount of butyric or lactic acid 
gradually formed finally checks the multiplication of the fungus. <A 
similar result occurs in the bacterial putrefaction of albumin, since the 
products of the same, such as phenol, indol, skatol, phenvlacetie acid, 
phenylpropionie acid, ete., hinder the further development of the bac- 
teria. To alkalies the fission-fungi are less sensitive, and many can 
bear a rather high degree of alkalinity in the nutrient fluid, but there 
also exist forms which do not thrive in alkaline fluids (acetic-acid 
fungus). 

The growth and multiplication of bacteria also cease in the presence 
of a superabundance of nutrient material—that is, in the case of insuf- 
ficient amount of water. The fact that fruits preserved in sugar do not 
ferment and that salted and dried meats do not putrefy depends upon 
this fact. Food-stuffs can also be preserved through the removal of 
water and by the addition of substanees which are dissolved in the 
tissue-fluids and in this way increase the proportion of the same in solid 
contents. The limit at which the fission-fungi and yeast-fungi cease to 
develop is reached at a much higher degree of humidity than for the 
moulds. 

According to the investigations of Pfeffer and Ali-Cohen many motile 


GENERAL MORPHOLOGY AND BIOLOGY. 545 


bacteria show chemotactic properties—that is, they are attracted or 
repelled by certain chemical substances dissolved in water. Bacteria 
swimming about in fluids collect, therefore, at places where there are 
chemicc] substances which attract. For example, typhoid-bacilli and 
cholera-spirilla are attracted by potato-juice (Ali-Cohen). Potassium 
salts, peptone, and dextrin likewise attract, but the individual forms of 
bacteria behave very differently toward these substances. Free acids, 
alkalies, and alcohol] have a repelling action. 

If a nutrient fluid contains other lower fungi besides the bacteria 
there often takes place a competition between the different micro-or- 
ganisms; and fission-fungi, yeasts, and moulds may crowd one another 
out. Likewise a reciprocal crowding between the bacteria themselves 
may occur. For example, cocci may be crowded out and destroyed by 
bacilli, or one form of bacillus by another. This would happen when 
either the composition or the temperature of the nutrient medium is 
more favorable to one form than to the other; or also when one form of 
bacteria produces products which act injuriously upon the other, or 
when one form grows more rapidly than the other, and thereby deprives 
its competitor of the necessary food-supply. 

According to investigations by Pasteur, Emmerich, Bouchard, Wood- 
head, Blagovestchensky, and others, the antagonism between many forms 
of bacteria is shown also in inoculation experiments on animals. By 
simultaneous Inoculation with different bacteria the development of a 
pathogenic bacterium in the body of a susceptible animal may be hin- 
dered. For example, the development of anthrax bacilli may be hin- 
dered by simultaneous inoculation with erysipelas-cocei (Emmerich) or 
with the Bacillus pyocyaneus (Bouchard). 


Babes and Ernst, by means of especial staining methods with Léfler’s methylene- 
blue, hiematoxylin, and Plutner’s nuclear black, have demonstrated the presence of 
granules within different forms of bacterta, which according to their behavior probably 
stand in some relation to the processes of division and spore-formation. Ernest desig- 
nated the appearances scen by him as sporogenous granules, since he was able in certain 
bacteria to demonstrate their transition into spores; he is inclined to regard them as of 
the nature of cell-nuclei, a view which Bätachli also favors. Bunge regards the gran- 
ules described by Ernst as cell-granules which have nothing to do with spore-forma- 
tion, and describes other granules, which stain with Léfler’s methylene-blue, as the 
forerunners of spores, Marr and Wotthe regard the Babes- Ernst granules as not bein 
nuclei in the ordinary sense of the word, but as representing products of the maxima 
condensation of the euchromatic substance of the cells, which are a sign of the highest 
intensity of vitality on the part of the cell. Wagner, on the contrary, holds that cer- 
tain bodies, which he has observed in typhoid- and colon-bacilli, are nuclei. 

According to Nakunishi, the spores form (in anthrax- and hay-bacilli) by a concen- 
tration of the chromophile substance about the nucleus, while the remaining portion of 
the protoplasm becomes clear: a membrane is then formed about the chromatin body, 
it takes on a fat-like shine, and loses its power to take stains (methylene-blue BB). 

The Romanowski stain is a mixture of methylene-blue and eosin, whereby a red 
dye contained in methylene-blue (Born, Berl. klin. Wochen., 1899; Nocht, CU. f. 
Bakt., 1899 is precipitated. Zettnow’s formula is as follows: 50 c.c. of a one-per-cent. 
solution of methylene-blue (Höchst) is mixed with 3-4 c.c. of a five-per-cent. soda solu- 
tion. To 2 cc. there is added drop by drop while shaking 1 c.c. of a one-per-cent. 
solution of eosin (Höchst BA). Stain on cover-glass for five minutes. Examine in 
Water. 
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$ 149. The growth and multiplication of the fission-fungi give 
rise always to chemical transformations of the nutrient material, 
which are brought about in part through the influence of ferments pro- 
duced by the bacteria, and in part directly through the metabolic processes 
occurring within the bacterial cells themselves. 

Among the ferments or enzymes are to be mentioned first the prote- 
olytic or albumin-dissolving enzymes (bacteriotrypsins) which bring about a 
solution of the albuminous bodies and cause the disintegration, of the 
peptone-molecule. Further, bacteria give rise to diastatic ferments which 
convert starch into sugar, also to inverting ferments which transform cane- 
sugar (disaccharid) into grape-sugar (monosaccharid ). 

The chemical results of bacterial metabolism, which are brought 
about by the vital activities of the fission-fungi aided by the enzymes 
produced by them, consist in the first: place of a decomposition of com- 
plex organie compounds. By many authors all these processes are desig- 
nated as fermentations, while others (Lehmann) speak of fermentation 
only when a fission-fungus breaks down a given food-material with espe- 
cial ease, thereby giving rise to one or more especial produets in marked 
quantity, in association with or in place of its other metabolic products, 
Other authors still narrow the term fermentation to the decomposition of 
carbohydrates. 

In the decompositions caused by the fission-fungi very different 
products are formed, which vary according to the composition of the 
nutrient material and the eharacter of the fission-fungus. For the pro- 
duction of fermentation a proper fermentable material is necessary. 
Many fungi are able to eause fermentation in the presence as well as in 
the absence of oxygen, while to some of them a lack of oxygen is neces- 
sary. 

Among the products of bacteria of especial importance to the physi- 
cianare those which have a poisonous action and cause tissue-changes, 
to which belong particularly those substances which are deseribed as 
ptomains, toxins, and toralbumins. 

The ptomains are basic, ervstallizable, nitrogenous products of the 
bacterial decomposition of albumin; they are also known as putrefactive 
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then showed that by filtering through cotton-wool the air admitted to a fluid capable 
of fermentation, as well as by the action of higher temperatures, the appearance of fer- 
mentation may be hindered. 

Since the investigations of Schrann, many different hypotheses as to the cause 
of fermentation, alcoholic fermentation in particular, have been advanced. Certain 
writers have endeavored to bring these processes into immediate relationship with the 
life of the cells causing the fermentation; others have sought to separate them from the 
latter. According to Liehig, the process is due to a molecular movement which an un- 
formed ferment or body in a state of chemical activity—that is, decom posing—im parts 
to other bodies whose elements are not closely held together. According to Zoppe- 
Seyler and Traube (cf. Hoppe-Seyler, Pflüger’s Arch., Bd. xii., 1875; Phystologische Chemie), 
the cells produce certain substances, the so-called unformed ferments, which cause 
decomposition by contact action—that is, merely through their presence, without tak- 
ing part chemically or entering themselves into combination. 

According to Pustevr (cf. Puatenr, Aun. de chim. et de Phys., tome 58, 1860, and 64, 
1862; Comptes rend. de U Acad. dea Sciences, tomes 45, 46, 47, 52, 56, 80; aud Durlaux, 
“Ferments et maladies,” Paris, 1882), fermentation is directly dependent upon the life 
of the cells causing fermentation. It occurs only when free oxygen is lacking to the 
cells, so that the latter must take oxy gen from the chemical compounds in the nutrient 
fluid. In this way the molecular balance of the latter is destroyed. Acording to con 
Nenrki, anaérobdiosis is to be regarded as the cause of the different kinds of fermentation. 

According to Nitgeli’s moleeular-physical theory (Abhandl. der Bayr. Akad. Math. 
physik., Kl. iii., Ser. 76, 1879), fermentation is a transfer of conditions of motion (which 
are present in all substances) from the molecules, atom: groups, and atoms of the differ- 
ent, chemically unchanged combinations constituting the living protoplasm to the 
material undergoing fermentation, whereby the molecular balance of the latter is dis- 
turbed and the molecules become disintegrated. 

According to #. and /f, Buchner, there can be obtained from yeast, by a pressure 
of 400-500 atmospheres. a cell-juice which causes at once fermentation of sugar-solu- 
tions. Fermentation is, therefore, not bound up with the life of the cells, but is caused 
by a cell-substance “zymase,” which is probably secreted by the cell. This ex peri- 
ment has, indeed. been confirmed from other’ quarters, but the possibility that living 
protoplasm still remains in the expressed juice has not yet been excluded. 

The power to produce fermentation—i.e., decomposition—in a nutrient fluid is very 
likely a property, not only of the schizomycetes and blastomycetes, but also of the 
cells of more highly organized beings, even also of man. According to Vort (* Phvsi- 
ologie des Sauerstoff wechsels,” Leipzig, 1881), the decomposition of the dissolved albu- 
min circulating in the organism is to be referred to a fermentative activity of the cells, 
Pasteur has shown that fruit and leaves also possess fermentative properties under suit- 
able conditions. 

Besides the fermentation and decomposition caused by fungi. there are other de- 
compositions of organic substances in the production of which the fungi have no part. 
These consist chiefly in a slow oxidation or burning, in which carbonic acid and water 
are formed, and, in the case of nitrogenous substances, also ammonia. This form of 
decomposition takes place under conditions in which atmospheric air and moisture are 
in contact with organic matter. Moreover, it also takes place in the living organism. 
In the case of dead organic-matter, this burning corresponds in part to the process 
commonly called mouldering. 
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2. GENERAL CONSIDERATIONS CONCERNING THE PATHOGENIC SCHIZO- 
MYCETES AND THEIR BEHAVIOR IN THE HUMAN ORGANISM. 


x 150. As has already been explained in §§ 11 and 12 there are among 
the schizomycetes numerous species which are capable of causing disease- 
processes in the human organism, and are therefore called pathogenic 
schizomycetes. The first condition of such action is evidently that the 
bacteria concerned must possess properties enabling them to multiply in 
the tissues of the living human body. They must therefore find in the 
tissues the suitable nutrient. material, and in the body-temperature the 
warmth necessary to their growth. The tissues, moreover, must not 
contain substances which are a hindrance to their growth (ef. $§ 30 
and 32). 

If pathogenic fission-fungi succeed in growing in the tissues of the 
body, if infection takes place (cf. X 12), their action is in general char- 
acterized by the production, at the point of multiplication, of tissue-degener- 
ations, necrosis, inflammation, and new-growths of tissue, while at the same 
time the fo.rins produced by them cause manifestations of poisoning. 

In individual cases the pathological processes vary greatly, in that 
the distribution of the bacteria in the organism, and their local action, 
as well as the production of the poisons, differ greatly with the different 
forms of bacteria. 

With many the local action upon the tissue is the most prominent 
characteristic, with others the general intoxication. Many bacteria confine 
themselves to the region in which they have gained entrance ; others advance 
uninterruptedly upon the surrounding tissues ; others still are carried by the 
blood and lymph streams and lead to the formation of metastatic foci, and, 
finally, others inerease within the blood. 

If a spread of the bacteria takes place through the blood, the bacte- 


-§52 THE PARASITIC FISSION-FUNGI. 


ria may pass from the mother to the fatus during pregnancy, since the pla- 
centa forms no certain filter against: pathogenic bacteria. This has 
been demonstrated, for example, in the case of anthrax-bacilli, bacilli 
of symptomatic anthrax, glanders-bacilli, spirilla of relapsing fever, 
typhoid-bacilli, and the pneumococcus. According to observations of 
Malvoz, Birch-Hirschfeld, and Latis, changes in the placenta, such as 
hremorrhages, loss of epithelium, and alterations of the vessel-walls, 
favor the passage of bacteria. Moreover, bacteria—as, for example, 
anthrax-bacilli—can grow through the tissue-spaces. In general the pas- 
sage of bacteria from the mother to the foetus presupposes that after the 
entrance of these organisms into the circulating blood of the mother, the 
latter shall remain alive, at least long enough to allow of the passage of 
the bacteria into the foetus. 

The bacteria which succeed in multiplying within the human organ- 
ism die out again in many cases within a short time; and the disease pro- 
duced by them may proceed to recovery (cf. § 31). Nevertheless, it not 
infrequently happens that they are preserved for a long time within the body, 
and either excite a continuous disease process, or at times remain in @ con- 
dition of inactivity, so that no pathological processes are recognizable 
until after alonger or shorter period of latency, an active reproduction again 
takes place and manifestations of disease show themselves anew. 

Not infrequently a secondary infection associates itself with an infec- 
tion already existing. The relation between the two infections is either 
that the second infection follows the first accidentally, or that through the 
first infection the soil is prepared for the second (cf. § 12). 

Finally, there not infrequently occur double infections, in that two 
or more forms of bacteria develop coincidently in the tissues, and pro- 
duce their characteristic injurious influence upon the tissues. 

Each pathogenic fission-fungus has a specific action upon the tissues 
of the human organism; but, nevertheless, different species may exert a simi- 
lar action. For example, there are various bacteria capable of producing 
suppuration. Only in a certain proportion of cases do the pathological 
tissue-changes show such specific characteristics that from these the spe- 
cies of the pathogenic fission-fungus can be recognized with certainty. 

Further, it has been demonstrated that pathogenic properties of 
bacteria are by no means constant; that, on the contrary, their viru- 
lence varies, so that bacteria, which cause severe—that is, fatal—infec- 
tions may become changed (weakened) throngh external influences, so 
that they either wholly lose their power of causing disease-processes in 
the organism, or at least cause only mild forms of disease. This pecu- 
liarity is not alone of theoretical interest, but 1s also of great practical 
importance. It explains to a certain extent, on the one hand, why a 
certain infection does not always run the same course, and, moreover, 
why along with severe attacks light ones also occur. On the other hand, 
it affords us the possibility of obtaining material for inoculation from 
attenuated cultures of bacteria, by means of which mild grades of infee- 
tion or intoxication can be produced, which are able to protect the organ- 
ism from severe infections or to bring about the cure of an infection 
already acquired (ef. § 32). 

Weakening of the pathogenic properties of a fission-fungus can be 
brought about through the suitable action upon cultures of the same, by 
high temperatures, oxygen, light, or chemical antiseptic substances, as 
well as by the cultivation of the fungus in the body of a less susceptible 
animal. In some forms it is only necessary to cultivate the bacteria in 
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question for some time upon artificial media (diplococcus of pneumonia), 
or to expose the culture to the air for some time (bacillus of chicken- 
cholera), in order to bring about an attenuation. If it is desired to pre- 
serve the virulence of the pneumococcus for some time, it is necessary, 
from time to time, to pass the bacteria cultivated upon artificial media 
through rabbits, which are very susceptible. The glanders-bacilli, tu- 
berele-bacilli, and the cholera-spirilla lose virulence when cultivated 
uninterruptedly upon artificial media for some time. The streptococcus 
of erysipelas (Emmerich) becomes so attenuated through continued cul- 
tivation in bouillon or nutrient jelly that it is no longer capable of kill- 
ing even mice. 

As to the nature of the attenuation of virulence of bacteria by the 
methods mentioned above, it is possible to give only hypotheses. If the 
bacteria cultivated for a long time upon artificial media change in viru- 
lence, this may perhaps be explained in part by assuming that in a series 
of generations the less virulent varieties, which surely often arise, grad- 
ually gain the upper hand. For the attenuation of virulence by heat, 
chemical agents, etc., such an explanation is not adequate. In this case 
there is very probably a general weakening or degeneration of the proto- 
plasm, and in harmony with this theory is the fact that such bacteria 
show a diminution in energy of growth. 


If the presence of bacteria be suspected in any tissue-fuid or in the tissue-paren- 
chyma, their demonstration may first be attempted by means of a microscopical 
investigation. Occasionally this is successful by the mere examination of a drop of 
the suspected fluid or of a smear-preparation of the tissue-juice diluted with salt-solu- 
tion or distilled water. In other cases it is necessary to employ staining methods, in 
which case cover-glass smears of the fluid are made and allowed to dry. The smeared 
cover-glass is then fixed by passing through the flame, and after cooling is stained. 
For this purpose methylene-blue is preferably employed, in a preparation of a one- 
per-cent methylene-blue solution in a 1-t0:10,000 solution of caustic potash. Water 
solutions of fuchsin and methyl-violet are also frequently used. For many bacteria 
there are employed especial staining methods, in which ordinarily the preparations are 
heavily overstained with a solution of gentian-violet or fuchsin in aniline water, or with 
a water solution of methyl-violet, the excess of stain then being removed by means of 
weak acids or by iodine and alcohol (Grass method). In this way it is often brought 
about that the bacteria alone remain stained, often certain forms of bacteria only. 

When it is desired to demonstrate the presence of bacteria in tissues, small portions 
of the tissue are hardened in absolute alcohol, and are then cut into the (hinnest possible 
sections which are statned by appropriate methods. Were again the methods most fre- 
quently employed are those mentioned above. gentian-violet, methyl-violet, and fuchsin. 
Good objectives are necessary for the microscopic examination; if possible, oil-immersion 
lenses and illumination with substage condenser should be employed. 

If through any method the presence of bacteria in the tissue has been demon- 
strated, the attempt is next made to cultivate them. For this purpose the methods 
developed by Aorh are usually employed. These, in principle, consist in obtaining 
first a fluid containing the bacteria, by means of scraping the tissue or by rubbing up 
pieces of tissue in sterilized salt-solution. This fluid is then evenly distributed in a 
solution of gelatin or agar which has been liquefied by warming; and the mixture is 
then poured upon horizontal glass plates, solidifying as it cools. The individual bac- 
teria, or spores, thus separated from each other develop in the firm nutrient medium. 

By sn proper application of this method there are obtained in the layer of gelatin 
various colonies (Fig. 414), which differ in appearance so that they may often be differ- 
entiated from each other by the naked eye alone. When sufficiently separated from 
one another, the individual colonies may be taken up by means of a fine platinum 
needle, and transferred either to a boiled potato, or to a sterile gelatin plate, or streaked 
upon the surface of the solidified nutrient fluid in a test-tube. Very often the infected 
needle is stuck into the soliditied transparent medium contained in a test-tube. 

If the culture on the gelatin plate is pure, and if the entire procedure is carried out 
with the necessary care and the avoidance of contamination, pure cultures may be ob- 
tained by this method. In stab-cultures, as well as in smear-cultures on potatoes or any 
other nutrient medium, special peculiarities often show themselves which make it pos- 
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Il. The Different Forms of Bacteria and the Infectious Diseases 
Caused by Them. 


I. THE Coccı, OR SPH#ROBACTERIA, AND THE MORBID PROCESSES 
CAUSED BY THEM. 


(a) General Considerations Regarding the Cocci. 


§ 151. The cocci or coccacese (Zopf) are bacteria that occur exclu- 
sively in the form of round or oval or lanceolate cells. In their multi- 
plication by division they often form peculiar aggregations of cells, 
which are commonly designated by special names according to the char- 
acter of the different forms appearing. Since certain forms of cocci are 
especially likely to develop in definitely shaped aggregations, advantage 
has been taken of this fact, to classify them in different species. It 
should be noted, however, that a given species does not always appear in 
the same form, but may vary according to the nutrient conditions. 

Many of the cocci multiply by division in one plane only—at right 
angles to the length of the elongated spherical cell. If the spheres re- 
sulting from division remain together for some time in the form of double 
spheres, and if this 
form appears with 
especial frequency in 
the case of any one 
species, it is desig- 
nated as a diplococcus 
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Fro. 4 repuococcus from a purulent peritoneal exudate of a case of puerperal peritonitis, a, 
Single corel 1, diplococe! €, streptocuce! OF toFula-chalns. 


Fia. 410, Colonies of mlerococe! In blood-capillartes of the ther causing metastatic absces-formation. 
From a case of pyuemia. Necrosis of liver<ells. x 400, 


Fig, 417.—Cocet grouped In tetrads (merismopedia), frum a softening infarct of the lung. 500. 
Fig. 418.~Sareina ventricult. x 400. 








(Fig. 415, b). If, from a further continned division of the cells in one 
plane, rows of cocei (forula chains) result, these are known as strepto- 
cocci (Fi e), and this term is used also as the name for a group. 
If the on of the cells takes place irregularly, and the cells remain 
together in small collections or heaps, the bacteria are usually desig- 
nated as micrococci (Zopf) (Fig. 416). By Ogston and Rosenbach 
the name staphylococcus or grape-coccus has been used to indicate some 
of these forms. Larger collections of cells, which are held together by 
a gelatinous substance derived from the cell-membranes, have been 
designated as zodglwa masses. If the masses of cocci are united into 
larger collections by means of a gelatinous envelope, they are spoken of 
as aseococei or tube-co 

To those cocei which remain united for a long time in a four-celled 
tablet (Fig. 417), the name of merismopedia, tetracoccus or tablet-coccus 
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was applied by Zopf. Others class such bacteria with the micrococci. 
The cocci that go by the name sarcine are characterized by division in 
three directions of space, so that compound cubical packets of spherical 
cells are formed from tetrads (Fig. 418). 

The cocei not infrequently show a tremulous molecular motion in 
fluids; swarming movements have not been observed with certainty. 
Spore-formation has not been demonstrated in the majority of forms. 
According to Cienkowski, Van Tieghem, and Zopf, the Coccus (leuconos- 
toc) mesenterioides, that produces a frog-spawn-like culture on sugar or 
parsnips, forms arthrogenic spores, in that some particular cell in a 
torula chain becomes larger and glistening. According to Prazmowsky 
the Micrococcus uree also forms spores. 

The saprophytic cocci grow upon very different nutrient substrata 
and cause by their growth in suitable media various processes of de- 
composition. Many also form pigments. Micrococcus uree (Pasteur, 
Van Tieghem, Leube) causes fermentations in urine by means of which 
ammonium carbonate is formed from the urea. Aficrococcus viscosus is 
the cause of the slimy fermentation of wine. The cause of the phosphor- 
escence of decomposing meat was found by Pflüger to be a micrococcus that 
forms slimy coatings on the surface of the meat. 

Of the pigment-producers the best known are Micrococcus luteus, Mi- 
crococcus aurantiacus, Sarcina lutea, Micrococcus cyaneus and Micrococcus 
violaceus, which, when grown upon boiled eggs or potatoes, produce yel- 
low, blue, and violet pigment respectively. 

Saprophytic cocci are found in the mouth cavity and intestine, as 
well as on the surface of the skin, and occasionally also in the lungs. 
Micrococcus hematodes (Babes) is said to be the cause of red sweat, and 
forms red zoöglaa masses. 

Sarcina ventriculi (Fig. 418) occurs not infrequently in the stomach 
of man and animals, especially when abnormal fermentations are going 
on. According to Falkenheim the stomach sarcines can be cultivated 
upon gelatin, and form in this medium round, yellow colonies, which 
contain colorless monococci, diplococei, and tetrads, but never cubical 
packets. They form these, however, in neutralized hay-infusion, and 
their growth causes a souring of the infusion. The membrane of the 
‘ sarciné is said to consist of cellulose. 

Microcococcus tetragenus (merismopedia) is not infrequently found 
in human sputum, and in the mouth and throat; it may be present 
further in the wall of tuberculous cavities, or in hemorrhagic or gan- 
grenous foci of the lungs. It forms tetrads (Fig. 417) whose cells are 
held together by a gelatinous membrane. On gelatin-plates it forms 
round or oval, lemon-yellow colonies. It is pathogenic for white mice 
and guinea-pigs, to a less extent for rabbits, and, when injected subcuta- 
neously, excites purulent inflammations, in the mouse often also a sep- 
ticemia. Intratracheal injections may give rise to inflammations of the 
respiratory passages and the lungs. 

The pathogenic cocci cause acute inflammations which usually heal 
after the death of the bacteria; but it not infrequently happens that 
cocci may remain in the body for a long time and give rise to chronic 
processes. 
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(db) The Pathogenic Cocci. 


§ 152. The Streptococcus pyogenes (Rosenbach) is a coceus which, 
in multiplying, forms double spheres and chains of spheres (Fig. 415) of 
different. lengths, containing from four to twelve or more cells. This 
chain-formation comes to an especially full development when the strep- 
tococeus is growing in fuids—-in nutrient bouillon or fluid exudates— but 
Is also usually seen when it is growing within the tissues. 

The cocci stain well by Gram’s method, are facultative anaerobes, 
grow best at 37° C., and form small whitish colonies on gelatin and agar. 

The streptococcus pyogenes is expecy pathogenic for mice and 
rabbits (much less so for dogs and rats); but its virulence varies greatly, 
and rapidly decreases in cultures grown on ordinary media. — Its virulence 
is retained for a relatively long time (Marmorek ) in cultures of the cocci 
in human- or in horse-serum (serum two parts, bouillon one part), or in 
a mixture of bouillon and aseitie fluid. 

Streptococeus pyogenes causes in man inflammations, «hich usually, 
though not always, assume a purulent character. Occasionally it is found 
also upon normal mucous membranes, for example, in the upper air-pas- 
sages, or in the vagina aud cervix uterl; it may therefore be assumed in 
such cases that its virulence is very slight, or that the mucous membranes 
offer a successful resistance to its entrance Into their tissues. 

An infection with streptococci may occur either in healthy indi- 
viduals, or in those who have received some injury, or finally as an ac- 
ecompaniment and sequela of other infeetions, particularly of searlet 
fever, diphtheria, and pulmonary tuberculosis. 

If the streptococeus multiples upon the surface of mucous membranes— 
for example, of the respiratory tract (Fig. 419)—it excites an inflamma. 
tion, which may bear the character of a desquamative or purulent catarrh 

















STREPTOCOCCUS PYOGENES. 569 


ess consists of a progressive proliferation of granulation tissue and a new- 
formation of connective tissue due to streptococci (or staphylococci), 
while suppuration is absent or confined to circumscribed areas. 


The biological characteristics of the Streptococcus pyogenes are very variable, and 
this is well shown both in its behavior as a disease-producing agent and in the cultures 
of streptococci taken from different cases. Consequently an effort has been made to 
divide the streptococci into different species, and in particular has the streptococcus 
which causes erysipclas been regarded as a distinct form—the Streptococcus erysipelatis. 
Further, according to the place in which the streptococcus was found, it was formerly 
custoinary to speak of a Streplococcus pverperalis (Arloing), Str. articulorum (Flägge), 
Str. searlatinosns (Klein); or, according to the manner of growth, of a tr. longus and 
Str. breris, etc. (von Lingelshetm). These characteristics are, however, not sufficient to 
form a basis for the separation of the streptococci into different species; and it appears 
more correct, or at least more expedient, to consider all the chain-forming streptococci 
as one species, which appears in many varietics. 

In diphtheria and scarlet fever, streptococcus infections of the throat and nir-pas- 
sages are extremely common, particularly in the case of the first named, so that many 
authors (Baumgarten, Dahmer) are inclined to assign to the streptococcus a co-ordinate 
position with the diphtheria-bacillus in the causation of diphtheria—the diphtheria- 
bacilli predominating in the lighter forms of infection, the streptococci in the more 
severe. Pure streptococcus infections may present the same picture as that produced 
by the Zöfler’s bacillus. If both forms of bacteria are present, their effects may be 
combined; perhaps also the presence of streptococci increases the virulence of the 
diphtheria-bacilli. 
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§ 153. The Diplococcus pneumoniz (Fränkel, Weichselbaum), or 
Streptococcus lanceolatus (Gamaleia), or Diplococcus lanceolatus (Foä, 
Bordoni-Uffreduzzi), and also known as the Preumococcus, is a pathogenie 
streptococcus of very frequent occurrence. It forms spherical, oval, and 
lanceolate cocci (Fig. 430, a), which in the human bedy are usually sur- 
rounded by a transparent capsule, and are grouped together in pairs (8, 
d), or more rarely in chains of such pairs (¢), or in large colonies (d). 

The Diplococeus pneumonis stains well with fuchsin and with gentian 
violet, and by these stains the capsule may be demonstrated in smear- 
preparations. The cocci are also stained by 
Gram’s method. 

The cocci are facultative anaérobes. They 
will not grow upon gelatin at ordinary roonı- 
temperature, but do so upon shghtly alkaline 
blood-serum-gelatin, upon agar and in bouillon, 
at a temperature above 22° C., and best at the 

temperature of the body. They form upon the 
a ae nen An ta surface of the medium a delicate, translucent, 
ite „sithout capsule: I glistening enlture, which suggests the dew-like 
a gelatinons caps le: ce, chain deposit of moisture upon a cover-glass (Frankel); 
Uny of torch ee PF and consists of diplococei and chain-cocei without 

capsules. The growth is, however, seanty; and 
easily dies out. Upon potatoes the cultures do not thrive. 

The Diploeoecus pneumonke is ina great number of eases (aceording 
to Weichselbaum in seventy-one per cent.) the cause of the affeetion of 
the lung known as croupous pneumonia, in which the lung is the seat of an 
acute inflammation which is ushered in bya congestive hyperaemia (Fig. 
431, a). In the course of the disease the alveoli over large areas of the 
lung become filled with a coagulated exudate consisting of desquamated 
epithelitun, leucocytes, red blood-cells, serous fluid and fibrin (Fig. 195 ). 
In the normal course of the disease the exudate beeomes liquefied and 
absorbed, As has been shown by numerous observations, the Diplocoe- 
cus pheumoniie may also cause in the lungs other inflammatory processes 
bearing the character of a ecatarrhal bronchopneumonia, whieh is charac- 
terized: by the formation of foci of a serocellular exudate. During the 
course of the disease the cocer are found especially in the inflamed 
areas, In the greatest numbers at the beginning of the inflammation ; 
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When injected beneath the skin of the rabbit’s ear (Neufeld) they also 
produce erysipelatous inflammations. Rabbits are especially susceptible, 
as they die withsymptoms of septicemia in from thirty-six to forty-eight 
hours after subcutaneous inoculation. The injection of pure cultures 
into the pleural cavity of rabbits gives rise to a pleuritis, as well as a 
splenization of the lung, in which the parenchyma of the organ is filled 
with a hemorrhagic serous exudate. 

According to A. Frankel the cocci very easily lose their viruleuce, 
particularly when cultivated upon milk; and if it is desired to retain 
their virulence they must, from time to time, be passed through suscep- 
tible animals. Cultivation of the cocci at 42° C. for one to two days 
destroys their virulence. 


The Diplococeus pnenmonia belongs to those bacteria whose physiological properties 
are very variable. /vd distinguishes, according to the principal places in which they 
are found. a pucumococens and a meningococcus. In cerebrospinal meningitis cocci are 
found which are closely related in part to the Streptococcus pyogenes (Streptococeus 
meningitidis, Bonome), aud in part to the Diplococcus pneumoni (Diplococeua tn tracel- 
lularis meningitidis, Weichselbaum). Whether these represent especial forms or only 
varieties of the species mentioned has not at the present time been decided with cer- 
tainty. Jäger is of the opinion that the Diplococcus intracellularis meningitidis is 
the cause of eptdemic cerebrospinal meningitis, and is entirely distinct from the pneumo- 
coccus. Sporadic meningitis may, on the other hand, be caused also by the pneumo- 
coccus. 

According to Emmerich, there is formed in bouillon-cultures of pneumococci 3 sedi- 
ment, which contains resistant cells which remain capable of development for months. 
Rabbits may be made completely immune (Emmerich) by repeated injections of highly 
diluted (five hundred fold) cultures of increasing virulence, so that 30 c.c. of cultures 
of full virulence may be borne without any striking disturbance. The injected bacteria 
die in the course of a few days. The serum of immunized rabbits can cure pneumo- 
coccus infections in rabbits and mice. 
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the first-named, less so for the last. In these animals it causes suppu- 
ration. The staphylococeus loses its virulence easily in cultures. The 
inoculation of cultures of high virulence into susceptible animals causes 
a gelatinous oedema. 

Closely related to the Staphylococcus pyogenes aureus are the Staphy- 
lococcus pyogenes albus ( Rosenbach ) and the Staphylococcus pyogenes 
citreus (Passet); these forms probably represent modified varieties of 
the aureus. The albus forms whitish, the citreus lemon-yellow colonies. 
These bacteria occur in the same regions and produce the same effects as 
the aureus, but. are more rare than the last named. 

The Staphylococcus pyogenes aureus usually occurs alone in the pus- 
foci, but not infrequently there may be associated with it other pus- 
cocci or even bacilli, as, for example, the Bacterium coli commune, or 
the ty phoid- bacillus. 
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orrhcea the coccus usually forms clumps, and for the greater part appears 
in the form of diplococei, the opposing surfaces of which are flattened 
(Fig. 435); but occurs also in part free (a), and in part inclosed within 
cells (6). It stains easily with aniline dyes, but is decolorized by Gram’s 
method. 

The gonococcus penetrates into the epithelial layer of the affected 
mucous membrane, and lies partly between and partly in the epithelial 
cells, and in leucocytes. Only the uppermost layers of the connective 
tissue are infiltrated. The infiltration is most marked in the case of 
cylindrical epithelium, while in the regions covered by squamous epithe- 
lium (fossa navicularis, vagina) the cocci lie more superficially. They 
cause inflammations which bear the character of purulent catarrhs, and 
are associated with a cellular infiltration of the tissue of the mucosa 
(Fig. 436, db, c, d) and with epithelial desquamation. The male and 
female urethra and the adjoining parts of the genital glands and ducts, 
and the urinary passages form the chief seats of localization. According 
to Scholz there occurs, after a three-weeks’ duration of the disease in 
the male urethra, a metaplasia of cylindrical cells into stratified squam- 
ous cells, and the secretion decreases after this time. To what extent 
the deeper inflammations so frequently accompanying or following gonor- 
rhaa (peri-urethral abscesses, prostatitis, epididymitis, vesiculitis, cysti- 
titis, inflammation of the ducts of Bartholin’s glands, salpingitis, ovar- 
itis, pelvic peritonitis, arthritis, etc.) are to be referred to the spread of 
the gonococcus or to what extent to secondary infections by the pus-cocci 
is yet a disputed question. According to the investigations made up to 
the present time there can be no doubt that the gonococcus may become 
widely spread over the surface of the mucous membranes. It has been 
many times demonstrated in inflamed tubes, ovaries, joints, cardiac 
valves, tendon-sheaths, burs, in peri- and parametritic foci of inflam- 
mation, and in peri-urethral abscesses. In these cases it has been re- 
garded as the cause of the inflammation, yet the processes which lead to 
suppuration and even the metastases in distant organs appear to be more 
frequently dependent upon the presence of pus-cocci. 

Gonorrheal infection is at the beginning an acute process, but may 
become chronic, and is cured only with great difficulty; since the gono- 
cocci can maintain themselves here and there in the urethra, tubes, etc., 
for years, and continue to cause inflammation. 
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§ 156. Cocci have been demonstrated with certainty as the cause of 
disease in animals in the case of a large number of infectious diseases, 
and are regarded with probability as the cause in the case of others. 
As has already been stated, the Streptococcus pyogenes, the Diplococcus 
pneumonia, and the Micrococcus pyogenes aureus are also pathogenic for 
different animals, and the last named in particular often causes sponta- 
neous—not caused by inoculation—suppurative inflammations in animals. 
Moreover, diseases have also been produced experimentally in animals 
by different cocci which were not pathogenic for man. Further, in 
many spontaneous diseases of animals cocci have been demonstrated, 
which are probably to be regarded as the cause. 


(1) According to Schütz (* Der Streptococcus der Druse der Pferde,” Arch. J. wiss. u. 
prukt. Thierheilk., xiv., 1888; Zeit. f. Hygiene, iii.), Sandand Jensen (“ Die Aetiologie der 
Druse,” Deutsch. Zeit. f. Thiermed., xiii.), and Poels (“ Die Mikrokokken der Druse der 
Pferde,” Foriscur. «. Med., vi.) the strangles of horses is an infectious disease, in which 
the mucous membrane of the upper respiratory tract is the seat of a mucopurulent 
inflammation, in which, moreover, the lymph-glands pertaining to the region become 
swollen and in part suppurate; and is caused by a chain-forming eoecus, which can be 
cultivated, and, when inoculated into horses (Schütz) again produces the disease. 

(2) According to Schatz (* Die Ursachen der Brustseuche des Pferdes,” Arch. f. wis- 
sensch. u. prakt. Thierheilk., 1887; Vireh. Arch., 107 Bd., 1887) the epidemic lung-dis- 
ease of horsea (infectious pneumonia) is caused by an oval coccus, which forms pairs and 
chains, and is not identical with the Diplococcus pneumonie (Frankel) or the Bacillus 
paeumoniwe (Friedlander), and therefore not identical with the bacterium described by 
Pe roneito (Arch. ital. de biol., vii., 1886) as occurring in the pneumonia of horses, and 
held by him to be identical with the Diplococcus pneumonie. 

(3) According to Semmer and Archangelski (Centralbl. f. d. med. Wiss., 1888; 
Deutsch. Zeit. f. Thiermed., xi.) the microparasite of “ Rinderpest” is a micrococcus. 
According to Metschutkoff and Gamaleia (Centraldl. f. Bakt., i., p. 688) it is a bacillus. 
The disease is characterized anatomically by an inflammation of the intestinal tract, in 
part. of a croupous or diphtheritic character, as well as by swelling and at times necro- 
sis of Peyer's patches. 

(4) According to Poels and Nolen (Fortech. der Med., iv., 1886) monococci and diplo- 
cocci, which in part possess a gelatinous capsule, are found constantly in the lungs and 
in the pleural exudate, in the contagious pleuropneumonia of cattle. On gelatin and agar- 
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agar they form chiefly white colonies which later become cream-colored. Pure cultures 
injected into the lungs of rabbits, guinea-pigs, dogs, and cattle give rise to pneumonic 
changes. (Literature: Pasteur, Recueil de med, vet., 1883; Corntl et Babes, Arch. de 
phys., 1883; Sussdorf, Deut. Zeitschr. f. Thiermed., 1879). 

(5) In the udder-inflammations of the domestic animals, which occur sometimes 
sporadically, sometimes epidemically, different mmicrococei and streptococei have been de- 
scribed, and designated by various names (//ess and Dergeaud, “Contag. Euterentzün- 
dung, gelber Galt genannt,” Schireiz. Arch. f. Thierkeilk., 30 Bd., 1888; Frank, * Euter- 
entzündungen,” Dtsch, Zeit. f. Thiermed., ii., 1876; Kitt, “ Euterentzündung,” * Lebrb. 
d. path. anat. Diagnostik,” Stuttgart, 1894; Jensen, * Mastitis,” Zirgebn. d. ullg. Lath., 
iv., 1899). 

(6) According to Jolne (“Seuchenart. Cerebrospinalmeningitis d. Pferde,” Désch. 
Zettschr, f. Thiermed., xxii., 1887) the cerebrospinal meningitis, which occurs epidemi- 
cally in horses, is caused by the Diplococeus intracellularis (Weichselbaum, § 158). 

(7) Babes found in the hemoglobinuria of cattle, which occuis as an epidemic 
disease in Roumnnia, a coccus similar to the gonococcus, which he regards as the cause 
of the disease (“Sur l’hemoglobinurie bacterienne du bauf,” Compt. rend. del’ Acad. des 
Seiences de Paris, cvii., 1888; Virch. Arch., 115 Bd.; Annal. de U’ lnstitut de pathol. a 
Bucarest, 1890). 

(8) According to Semmer, Friedberger, and Mathis (Centralbl. f. Bakt., iii., p. 343) 
the distemper of dogs is also caused by a coccus. 

(9) The foot-and-mouth disease of cattle, according to Alein (Col. f. d. med. Wiss., 
1886) is caused by a streptococcus. Several years ago Schottelius (* Ueber einen bak- 
teriologischen Befund bei Maul- und Klauenseuche,” Cd. f. Bakt., xi., 1892) und Aurth 
(“ Bakt. Untersuch. bei Maul- und Klauenseuche,” Ard. a. d. Beichsgesundheitsemt, viii., 
1893), and others also found cocci in the organs of animals affected with foot-and-mouth 
disease; but the bacteria desgribed do not correspond with one another, and their path- 
ogenic significance is doubtful (Johne, Dtsch. Zeitschr. f. T'hiermed., xix., 1893; Lofler 
and Frosch, Col. f. Bukt., xxii., p. 257, 1897). 

(10) According to Idivolta and Johne( Dtsch. Zeitschr. f. Thiermed., xii.; “Bericht 
über das Veterinärwesen im Königr. Sachsen f. d. J. 1885”) and Rube (Dtsch. Zeitschr. 
J. Thiermed., xii.) there occurs in horses a peculiar tumor-like growth of connective tis- 
sue, designated by Johne as mycofibroma or mycodesmoid, which is caused by a micrococ- 
cus that grows in animal tissues in round or grape-like colonies which quickly become 
surrounded Dy a hyaline capsule, and are therefore to be reckoned as ascocoeci ( Micro- 
eoceus ascoformans), Bollinger designates the coccus as Botryomyecs, Rabes as Microene- 
cus botryogenes, Witt as Botryococeus ascoformans. The growths consist of connective 
tissue, resembling those of actinomycosis, and inclose small suppurating foci of granu- 
lation tissue which contain the fungi. They appear to develop most frequently in the 
spermatic cord after castration, but occur also on other parts of the body (Avét, “ Der 
Micrococeus ascoformans und das Mycofibrom des Pferdes,” Chl. f. Bakt., iii., 1888; 
Schneidemihl, * Botryomycosis,” Ch. f. Dakt., xxiv., 1898 [Lit.]). 

(11) According to Eberth (Vireh. Arch., SO Bd.) and M. Wolff (Vireh. Arch., 932 
Bd.) many of the gray parrots brought to Europe (Psillaeus ertthacus) die of a strepto- 
coccus mycosis. The micrococci are found in almost all the organs, but especially in 
the capillaries of the liver and their neighborhood, where they cause necrosis of the 
liver-cells, but no suppuration. 

(12) According to Zberth (Vireh, Arch., 100 Bd.) a part of the pseudotuberculous 
processes occurring in guinea-pigs represent a chronic suppuration caused by a coccus, 
and sometimes lead to metastases in other organs. 


2. THE BACILLI AND THE POLYMORTHOUS BACTERIA, AND THE 
PATHOLOGICAL PROCESSES PRODUCED BY THEM. 


(a) General Considerations Regarding Bacilli and the Polymorphous Bacteria. 


8 157. Under the designation bacilli or bacillacese (A. Fischer), or 
Bacteriacea: (Zopf) may be classed all those bacteria which occur in the 
form of straight rods or rods which are slightly bent in one plane. By 
many authors (Cohn, Hüppe, Lehmann) the bacillacese are divided into 
two groups: bacterium and bacillus, the latter being characterized by 
the production of endogenous spores, while spore-formation is lacking 
in the former. 
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The bacilli multiply by division. The rods grow in length, and 
divide into approximately equal parts through the formation of a trans- 
verse partition-wall. If the division of one of the elongating bacilli is 
delayed, or if the separation of the individual rods from one another is 
not. distinetly recognizable, there arise long, unbranched rods or threads 
(Fig. 438, b). If the divided rods remain attached to each other, there 
are formed chains of rods (Figs. 437, c; 438, c). In many forms of 
bacilli the ends of the individual rods are blunt, in others rounded or 
pointed. 

In many bacilli resting as well as swarming stages are observed. 
Flagella serve as the organs of motion (Fig. 437, 5); they are situated 
sometimes at the ends, sometimes on the sides of the rods, and may occur 
in large numbers. In many bacilli an endogenous spore-formation is 
observed (Figs. 437, d, e; 438, d), the spores lying sometimes in the 
middle, sometimes at one end of the cell. Not infrequently the spores 
appear within jointed threads. The germination of spores results in the 
formation of new rods (Figs. 437, f'-*, 438 e'-'). 

During spore-formation the rods usually do not. change their shape 


FIG. 437, FG. 438. 


Fic. 457.— Bacillus subtilis in various stages of development (Prazmowski). ct, Single rods; bh, rods 
with flayella ; Soon of ruds; d, single cells with spores; e, chain of rods with spores; f '—®5, germination 
ofaspuore X ) 


Fig. 438.— Clostridium butyricum (Prazmowskt’. ci, Short rods; bh, long rods: c, chain of rods; d, cells 
with spores; e !—?, germination of a spore. X SU0, 


to any marked extent. In other cases they assume a spindle-, club-, or 
pear-shape (Fig. 438, d), and these changes have been taken as the basis 
for the establishment of an especial group, clostridium. On the other 
hand, numerous authors class thes& forms with the bacilli. 

In the non-pathogenic bacilli spore-formation and spore-germination 
have been more carefully studied, especially in the case of Bacillus subtilis 
and Bacillus amylobacter ; and these bacilli offer good examples of the 
processes Which come under consideration in this connection. 

Bacillus subtilis is a fission-fungus whose spores are widely distrib- 
ufed in the ground, hay (hay-bacillus), and in the air. When cultivated 
upon potato or upon the dung of herbivorous animals, it forms whitish- 
yeliow colonies; upon liquids it forms thin and thick pellicles. It re- 
quires oxygen for its development. 

The fully developed rods (Fig. 437, a) are 6 long. The snake-like 
motions eceurring at times are produced by means of numerous lateral 
and terminal tlagella. Through the growth of the rods undivided threads 
are formed which after division form chains of rods. The separate cells 
may develop in their interior glistening, sharply contoured spores (d, e). 
which lie either in the middle or nearer to one end of the eell. Täter 
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the cells in which the spores have been formed die. During germination 
the spores become pale (Fig. 437 '-*), lose their glistening appearance 
and their sharp contour, A shadow then appears at each pole, while the 
spore begins a tremulous motion. After a time the contents of the spore 
project from the membrane of the spore in the form of a germinal utriele, 
which later becomes elongated, divides, and produces swarming rods. 
The empty spore membrane may remain preserved for some time after 
the exit of the young cell. 

The Bacillus butyricus (Bacillus amylobucter of Vau Tieghem, Vibrion 
butyrique of Pasteur, Clostridium butyricum of Prazmowski) consists of 
rods of 3 to 10 „in length, and also forms threads and chains of rods. 
During spore-formation the cells become spindle-, club-, or tadpole- 
shaped (Fig. 438, d), and then produce one to two glistening spores, In 
germination, after the absorption of the spore-membrane a germinal 
utricle appears «t one of the two poles (Fig. 438, e'-’); this becomes 
elongated, and produces new rods by segmeatation. 

The Bacillus butyricus does not need oxygen for its development; it 
produces butyric-acid fermentation with evolution of carbonic acid, in 
solutions of starch, dextrin, sugar or glycerin. In media containing 
starch, glycerin, or cellulose the bacilli are colored blue with iodine. 

The polymorphous bacteria are distinguished from the bacilli by the 
fact that they form, besides rods, also long threads, in part with false or 
true branching; and in individual cases a basal non-proliferating end 
and an apical proliferating end ınay be distinguished. In this category 
may be placed the fungi designated Streptothrir, Cladothrix, Beggiatoa, and 
Crenothrix. They are here placed with the bacilli, because, on the one 
hand, their botanical position is not definitely determined, while, on the 
other, in so far as they are pathogenic, they conform most closely to the 
bacilli in their biological properties (ef. diphtheria-bacilli, tubercle- 
bacilli, and actinomyces). 

The saprophytic bacilli produce many forms of fermentation by their 
growth in nutrient fluids; many also form pigments. 

Bacillus prodigiosus grows upon potatoes and bread, as well as upon 
agar-agar, and upon nutrient gelatin, liquefying the latter. It forms a 
red coloring matter which is soluble in alcohol. The pigment is formed 
only in the presenee of oxygen; in the growth in milk the coloring-mat- 
ter is contained in the fat-droplets. The bacilli themselves are always. 
colorless, 

Bacillus fluorescens liquefaciens forms whitish cultures in gelatin, 
in the neighborhood of which the gelatin is liquefied while in the remote 
surrounding portions it gradually takes on a greenish-yellow fluorescence. 

Bacillus cyanogenes ( Neelsen, Hueppe), when cultivated in sterilized 
milk, causes a slate-gray color that changes through the addition of acid 
to an intense blue. Im unsterilized milk, in which lactic-acid bacteria 
develop at the same time, a blue color appears without the addition of 
acid. On potatoes it forms yellowish, slimy cultures, in the neighbor- 
‚ hood of which the substance of the potato is colored gravish-blue 
(Flügge). 

Bacillus acidi lactici ferments milk-sugar into lactie acid and coagu- 
lates casein. Im gelatin it produces white cultures. 

Bacillus caucasicus ( Dispora caucasica) forms one of the constituents 
of the fungus-conglomerate known as kephir-ferment, which is used by 
the inhabitants of the Caucasus in the preparation, from cow’s milk, of 
the aleoholie drink called kephir. The kephir-ferment consists of small 
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granules containing yeast-cells and bacilli. The latter at times show 
movements, and form a round spore at the end of each rod. As the re- 
sult of their growth in milk the milk-sugar is probably converted into 
glucose, while the yeast-cells produce alcoholic fermentation. According 
to Hueppe, the kephir granules contain still other bacteria which pepto- 
nize casein. 

As Proteus vulgaris, Hauser has described a bacillus ( Bacterium vul- 
gare of Lehmann) which is very frequently present in decomposing ani- 
mal substances and in human cadavers, and in gangrenous ulcers, and 
causes putrid decomposition. It forms rods of varying length, and pro- 
duces, when cultivated in meat (Carbone), sethylendiamin, gadinin, and 
trimethylamin, of which the first two bases are poisonous for animals. 
According to observations by numerous authors, it is not infrequently 
found in human tissues, chiefly in association with other bacteria, strepto- 
cocei, pneumococci, diphtheria-bacilli; and by its presence aggravates 
the course of the infection and causes putrid decomposition of the pus and 
the necrotic tissue. In rare cases it may alone, without the association 
of other bacteria, cause inflammations, particularly of the urinary bladder 
(cystitis). Several cases of hemorrhagic enteritis have also been described, 
in which a form of proteus was regarded as the causal agent. Further, 
proteus has also been found in inflammations of the female genital tract, 
serous membranes, and liver (infectious icterus), and has been considered 
to be the cause of the given inflammation. Proteus must therefore be 
classed with the parasitic or pathogenic bacteria. Its pathogenic activity 
rests chiefly upon the formation of poisonous substances. (Literature 
given by Meyerhof, J. c.). 

Bacillus aceticus (Mycoderma aceti) is a bacillus which converts the 
alcohol of fermented beverages into acetic acid. 

Bacillus pyocyaneus occurs occasionally in bandages upon suppurat- 
ing wounds and causes a greenish-blue discoloration of the same. The 
bacilli are small and slender. The cultures show different forms of 
growth. Gelatin is liquefied and turned green. The coloring-matter 
called pyocyanin is soluble in chloroform and crystallizes from the solution 
in long blue needles. The bacillus is pathogenic for rabbits, guinea-pigs, 
pigeons, and frogs; inoculations give rise partly to local ulcerations, partly 
to general infections. According to Kossel, Krambals, Neumann, and 
others it may also be pathogenic for man during the age of childhood, and 
from suppurating wounds or mucous membranes (middle ear) it may 
cause septicemia with splenic tumor and enteritis. Blum observed a 
pyocyanic endocarditis in a nursing infant. 

The pathogenic bacilli and polymorphous bacteria cause partly 
acute, and partly chronic affections, the former terminating either in 
death or in healing after the destruction of the bacteria. It also hap- 
pens in the acute diseases that the bacteria may remain in the body for a 
long time. The chronic affections are characterized by the persistence 
and multiplication of the bacteria within the body, so that the disease 
assumes a progressive character, and sometimes slowly, sometimes rapidly, 
new regions are in turn invaded by the bacteria and suffer pathological 
changes. 
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(b) The Pathogenie Baeilli and Polymorphous Bacteria. 


§ 158. The Bacillus anthracis ( Bacteridie du charbon) is the cause of 
anthrar, a disease occurring chiefly in cattle and sheep, and occasionally 
transmitted to man. Tt is a fission-fungus which, when inoculated into 
a susceptible animal, may increase within the tissues as well as in the 
blood. 

The anthrax-bacilli (Fig. 439) are 3 to 10 » long and 1 to 1.52 
broad. In the blood of animals affected with anthrax they occur either 
singly or in thread-like jointed bands of two to ten rods, whose ends are for 
the greater part sharply cut across (Figs. 439, 440), more rarely slightly 
eoncave or even slightly convex (Johne). Aceording to Pianese, Sera- 
fini, Günther, and Johne they possess a gelatinous capsule which is best 
brought out by the staining of dried) preparations with methylene-blue. 
They can be cultivated upon blood-serum-gelatin, in bouillon, npon 
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to high temperatures quickly regain their virulence; those attenuated at lower tem 
peratures remain weakened for many generations. 

The addition of carbolic acid to the nutrient fluid in a proportion of 1:600 permits 
the further development of anthrax-bacilli, but destroys their virulence within twenty- 
nine days (Chamberland, Rour). Likewise, an attenuation may be produced by the 
addition of potassium bichromate (1: 2,000-1; 5,000). The addition of carbolic acid up 
to 1:800 hinders at the same time the formation of spores. 

Through cultivation of the bacilli at 42-43? C. (Toussaint, Pasteur, Koch). their 
virulence may be so weakened that they no longer kill first sheep, then rabbits and 
guinea-pigs, and finally mice. If the temperature is kept in the neighborhood of 48° C. 
this result may be obtained in six days; at 42° C. it may require about thirty days to 
decrease the virulence to this extent (Hoch). By first inoculating with bacilli which 
kill mice but are harmless for guinea-pigs, and ufterward inoculating with bacilli which 
kill guinca-pigs but not strong rabbits, an immunity against anthrax may be obtained 
in sheep and cattle but not in the cuse of mice, guinea-pigs, and rabbits. Such protec- 
tive inoculations are, however, not of practical value, since, in order to protect against 
natural infection with spores from the intestinal canal, such virulent inoculation-mate- 
rial must be used that a large per cent. of sheep (ten to fifteen per cent.) die from the 
inoculations. Further, the protection afforded by the inoculations is of very short 
duration, and the inoculation must be repeated within a year’s time. 

According to observations by 2ouz and Chamberland anthrax bacilli which are 
cultivated in bouillon to which a small amount of potassium bichromate (1: 2.000) or 
carbolic acid (1 to 2: 1,000) has been added, permanently lose their power of spore-forma- 
tion while retaining their virulence. 

According to Aoch, anthrax-bacilli may be cultivated in the presence of abundance 
of water upon potatoes and in an alkaline or neutral hay-infusion, cold infusions of pea- 
straw, on mashed barley and mashed wheat, in the juice of turnips, on maize, legumi- 
nous seeds, and numerous dead plants. Consequently they are able to grow and 
develop outside of the animal body—for example, in marshy regions and on river-banks 
(R. Koch). The entrance into the animal body is to be regarded as an accidental excur- 
sion of ectogenic bacilli. According to Soyka the development of spores takes place 
very quickly in a moist medium containing the necessary nutrient material at tempera- 
tures above 15° C. According to Artt the dung of cattle forms a nutrient substratum 
for the bacilli. 
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Fig. 445. Fic. 444. 
Fig. 443.—Typhotd-bacilli from a pure culture. Streak-preparation (methylene-blue). X 1,000. 
FiG. 444.-- Typboid-bacilli with flagella. (After Bunge.) x 1,200. 


Toussaint: Rech. expérimentales sur la maladie charbonneuse, Paris, 1889. 
Wagner: [.e charbon des poules. Ann. de V’Inst. Pasteur, iv., 1890. 
Werigo: Developp. du charbon chez le lapin. Ann. de l’Inst. Pasteur, 1894. 
Zörkendorfer: Durmmilzbrand. Prag. med. Woch., 1894. 

For literature concerning the intra-uterine transmission of the bacillus to the fetus, 
see § 100. 


§ 159. The Bacillus typhi abdominalis (Fig. 443), or the Bacterium 
typhi, is a fission-füngus which occurs chiefly in the form of plump rods 
2to 3 » long, having rounded ends, and in cultures growing also in 
pseudothreads. It is regarded as the cause of typhoid fever. When exam- 
ined alive in cultures it shows lively independent movements which are 
accomplished by means of flagella (Fig. 444) attached to the sides of the 
rods as well as to their ends. The flagella may be demonstrated by pro- 
per staining-methods. The bacillus was first observed in the intestinal 
lesions by Eberth and Koch, and described by them; and was later iso- 
lated in pure cultures by Gaffky. A. Pfeiffer demonstrated its presence 
in the dejecta of typhoid patients, and his findings have been confirmed 
from many sides. According to Seitz, Hueppe, Neumann, and others 
it may also be present in the urine of typhoid patients. 

It stains well in cover-glass preparations, with gentian-violet, alka- 
line methylene-blue, and Bismarck brown. It is decolorized by Gram’s 
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method. It is difficult to demonstrate it in sections of hardened tissues, 
since the cell-nuclei also take the stain, and because the bacilli are not 
uniformly distributed but are usually found lying in the tissue in clamps. 

The bacillus may be cultivated upon nutrient gelatin, agar-agar, and 
blood-serum, also in milk, and upon potato. Upon the last named it 
forms a coating which can be scarcely recognized by the naked eye; but. 
when the surface is touched with a platinum wire it becomes apparent 
that it is covered with a pellicle, which on microscopic examination is 
shown to consist of bacilli. 

On gelatin and agar-agar the bacilli form grayish-white, irregularly 
shaped, flat growths. Gelatin is not liquefied. Milk in which the baeilli 
are grown is not changed externally. 

The cultures thrive at room-temperature as well as at body-temper- 
ature. Potato-cultures made in the usual manner, when kept between 
30° and 42° C., produce rods which have glistening bodies in their poles. 
Gaffky regarded these as spores, and the majority of authors formerly 
accepted this view. According to Buchner and Pfuhl, however, these 
granules at the poles are degeneration phenomena, which occur particu- 
larly when acid is present in the culture medium. The polar granules 
represent condensed protoplasm, and therefore stain in fresh preparations 
more quickly with the aniline dyes than do the other parts of the cell. 
The clear, colorless spots which are seen at the ends of the rods in dried 
and stained bacilli have been held to be identical with the polar granules 
and therefore regarded as spores; but are due, according to Buchner, 
to hollow spaces formed at the ends of the rods as the result of the 
retraction of the protoplasmic tube following the death and drying of 
the bacilli. Spore-formation has, therefore, not yet been demonstrated. 

In moist earth (Grancher, Deschamps), in pure and impure water, 
typhoid bacilli may remain alive for weeks. In artificial Seltzer water 
they do not die out for a longer period (Hochstetter). In privy vaults 
and feeal masses, or in earth saturated with fecal matter (Finkler, 
Uffelmann, Karlinski) they may under certain conditions live for weeks 
and months. 

Inoeulations of the bacilli in the case of the animals ordinarily used 
for experiment do not produce a disease corresponding to typhoid fever 
in man. On the other hand, the experiments of Sirotinin, Beumer, Pei- 
per, and others have shown that the typhoid-bacilli produce active toxins 
and toxalbumins (Brieger) which in large doses kill the animals, causing 
hyperemia and swelling of the intestinal follicles, mesenteric glands, and 
the spleen. Cultures injected into the tissues cause a local inflammation 
of greater or Jess intensity. 

The bacilli or their spores gain entrance into the human organism 
through the drinking-waterand food; though infection through the lungs 
is not to be excluded. According to the results of anatomical investiga- 
tions, they develop particularly in the intestinal wall, in the solitary and 
agminated follicles of the small. and large intestines, as well as in the mesen- 
terie lymph-glands and in the spleen. Tu the first-named place they cause 
an inflammatory infiltration of the mucosa and submucosa (Fig. 445, a, 6,) 
which is extraordinarily rich in cells, and appears in the forın of flat or 
somewhat rounded elevations projecting above the inner surface of the 
intestines. Anexudation of fibrin inthe form of threads may take place 
both on the free surface and in the deeper lavers. Oceasionally cellular 
inflammatory foci of limited extent also occur in the muscularis (c, d,) 
and the serosa (e,). A part of the infiltrated tissue usually sloughs and 
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fever. Reher, Eberth, Chantemesse, Widal, and Ernst have reported 
similar cases. . 

Since the typhoid bacillus produces toxins and töxalbumins, the 
symptoms of the disease are for the greater part to be referred to the 
intoxication. In the course of typhoid fever there appear in the blood 
certain bactericidal substances which cause a degeneration of typhoid- 
bacilli (cf. § 31). This may be demonstrated by the fact that ( Widal- 
Gruber reaction), through the addition of serum from an individual ill 
or convalescent from typhoid fever, to a bouillon-culture of freely motile 
typhoid-bacilli, the latter become motionless, clump together (agglutina- 
tion), sink to the bottom and die. This reaction may be used asa means 
of diagnosis, but is not of absolute certainty, since agglutination may be 
produced by the serum of individuals who have not had typhoid fever, 
and may be absent in the case of typhoid (Fischer). 


The cultures of typhoid-bacilli show but few characteristic properties, and are 
therefore distinguished with difficulty from other widely distributed bacteria. Their 
properties are very similar to those of the Bacillus coli communis (cf. § 160). Asa dif- 
ferential point may be mentioned the fact that typhoid bacilli produce no indol, while 
other similar bacilli, including the colon bacillus produce indol, so that bouillon-cul- 
tures turn red on the addition of potassium nitrite and sulphuric acid. Further, the 
ty phoid-bacillus produces no gas in a two-per-cent. glucose-bouillon while the colon- 
bacillus produces gas. Finally, the typhoid-bacillus produces a faint acidity in milk 
without coagulation, while the colon-bacillus causes a strong acidity and coagulation 
of the milk within from twenty-four to forty-eight hours at 87° C, 
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§ 160. The Bacillus coli communis or the Bacterium coli commune 
(Escherich) is a fission-fungus which is constantly present in the intes- 
tinal tract of man as well as of the mammalia. The bacilli are rods 
2-3 « long and 0.3-0.4 » thick. They are motile and may possess as 
many as twenty flagella on one rod (Bunge, Luksch, Günther). The 
bacilli grow at room-temperature as well as at the temperature of the 
incubator. They form within the gelatin small, round, white colonies; 
upon its surface pellicle-like coatings. Upon potatoes they form moist 


594 THE PATHOGENIC FISSION-FUNGI. 


coatings of the yellow color of maize or pease (Günther). They do not 
form spores; and are not stained by Gram’s method. 

The Bacillus coli is very similar to the typhoid bacillus, but may be 
differentiated from it by proper methods of cultivation and by the em- 
ployment of suitable reactions (cf. $ 159). It was formerly regarded as 
a harmless saprophyte of the colon; but from later investigations it can- 
not be doubted that it also possesses pathogenic propertiesand may cause 
degenerations and inflammations in various tissues. Under suitable condi- 
tions (perforation or incarceration of the intestine, or impaction of feces) 
it may pass into the peritoneal cavity and excite purulent inflammations, 
or at least take part with other bacteria in the production of inflamma- 
tion. Further, it not infrequently gains access to the bile-passages and 
gall-bladder, as well as to the descending urinary passages and the kid- 
neys, giving rise to inflammations of varying intensity. The bacillus 
has also been found in the meningeal exudate in certain cases of sepsis; 
it has been demonstrated also in pericarditis, bronchopneumonia, stru- 
mitis, angina of scarlet-fever, acute yellow atrophy of the liver (Stroebe, 
von Kahlden), and it cannot be doubted that it may be the cause of the 
affections named. 


The similarity between the colon-bacillus and the typhoid-bacillus has led various 
authors to assume that the two bacilli are only varieties of the same species, and that 
the two forms may pass over into each other. At the present time the view prevails 
that the two bacilli are to be wholly separated from each other (§ 159.) Moreover, the 
form of bacillus which is described as colun-bacillus is not a very distinct form, but rep- 
resents rather a group of different tarieties. Three to four days after the inoculation of 
an animal with colon-bacilli the blood-serum of the infected animal produces an agglu- 
tination of colon-bacilli (Jatta), which is most marked in the case of that variety which 
was used for the inoculation. Colon-bacillus serum (Jatta) agglutinates ty phoid-bacilli 
more markedly than does normal blood-serum. On the other d, typhoid serum can 
agglutinate different varieties of colon-bacilli. 
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$161. The Bacillus pneumonie or the Bacterium 
pneumonie is a bacillus discovered by Friedländer and 
Frobenius; and by them assumed to be the cause of in- 
flammations, particularly of the lungs, nose (ozena) 
middle ear, and meninges, more 


0 Yo rarely of other organs. It is re- 
Ga 4 garded by Friedlander as the chief 









@ ® cause of croupous pneumonia, but 
% o this view is without doubt incor- 
oS rect (cf. § 153). According to 


Weichselbaum it can be demon- 
monte (rien Pre. strated in only about five per 
Oval cells and rows of cells cent. of the cases of lobar pneu- 
Ruwingestinaeiale monia, Baumgarten and others 
em. hold that its pathogenic signifi- 

cance is not yet firmly established, 
inasmuch as other bacteria are found in association 
with it when present in the lungs. 

The bacilli are found in the alveolar exudate, as 
well as in the pleuritic exudates that occur at the same 
time with the pulmonary inflammation. They appear 
partly in the form of rods (Fig. 446, b), partly as oval 
cells (a), and not infrequently form short chains. Since 
the oval cells are more numerous than the rod forms, 
the bacillus was originally classed with the cocci. 

The bacilli possess a hyaline, mucin-like capsule, 
soluble in alkalies, and insoluble in acetic acid, which 





forms a common sheath around the chains of the bacilli i@iusis gee 


(Fig. 446). Independent motion has not been observed. 

When treated with iodine and alcohol after staining with gentian- 
violet the bacillus loses its stain and is in this way distinguished from 
the diplococcus. For staining it in sections with demonstration of the 
capsule Friedländer recommends the employment of an acid gentian-vio- 
let solution (concentrated alcoholic gentian-violet solution 50 parts, dis- 
tilled water 100 parts, acetic acid 10 parts). After staining in this for 
twenty-four hours the sections are washed for a short time in a 0.1-per- 
cent. solution of acetic acid. 

The bacilli grow upon nutrient gelatin at room-temperatures, and 
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form upon the surface of the gelatin porcelain-white, button-shaped cul- 
tures consisting of oval and rod-shaped cells possessing no capsules. 
Stab-cultures in gelatin are nail-shaped (Fig. 447), the growth forming 
a knob-like prominence at the entrance of the stab-canal. This charac- 
teristic the pneumonia-bacillishare in common with many other bacteria. 
On blood-serum they form translucent, gray colonies; upon agar-agar 
jelly-like, grayish-white, and upon potatoes grayish-white or yellowish- 
white, creamy colonies. Spore-formation has not been observed. 

Rabbits are almost completely immune to inoculation of the lungs. 
Mice on the other hand die of pleuritis and disseminated pneumonia 
within eighteen to thirty hours after injection of the bacilli into the 
lungs; the exudate as well as the blood contains bacilli with gelatinous 
capsules, partly free and partly enclosed within cdlls. A typical lobar 
pneumonia cannot be produced in the ordinary experimental animals by 
inoculation. 


According to Fricke the bacterium of Friedländer is the chief representative of a 
group of bacteria which are classed together under the name Bacillus mucosus capsu- 
tus, and represent varieties of a single species. The fission-fungus described as the 
ozeena-bacillus is identical with the pneumonia-bacillus, probably also the bacillus from 
the milk-feeces of nurslings described as the Bacterium lactis aérogenes (Escherich). It 
is s possible that a greater etiological significance may be attached to it in so far as the 
origin of many diarrhaas is concerned. 
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§ 162. As the influenza-bacillus (Fig. 448) there was described by 
R. Pfeiffer, in the year 1892, a bacillus whose occurrence in influenza 
has been many times confirmed; it is now regarded as the cause of influ- 
enza. In individuals suffering from influenza it is found in the catarrh- 
ally affected respiratory passages, occasionally also in the lungs; and the 
small bronchi may contain enormous numbers of the bacilli in pure cul- 
ture. It is assumed that their multiplication in the respiratory tract 
gives rise to the inflammation, and that the bacilli produce poisons, 
which, when absorbed, cause the symptoms characteristic of influenza. 
The bacilli may also pass into the blood and become spread throughout 
the body. The inflammatory changes of internal organs occurring during 
influenza are to be referred in part to the influenza-bacillus, in part to 
the poisons produced by them, and in part to secondary infections. 

The influenza-bacilli are very small, thin rods with rounded euds 
(Fig. 448), which lie separate or joined together in twos. They stain 
with the ordinary aniline dyes, but not by Gram’s method. They may 
be cultivated at the body-temperature upon blood-agar or upon agar that 
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has been smeared with human or pigeon blood. They form upon this 
medium small, drop-like colonies as clear as water. They cannot be 
cultivated upon the other usual media. Spore- 
formation has not been observed. In apes a 
catarrhal inflammation of the respiratory tract 
may be produced by intratracheal injections 
of pure cultures. Rabbits may be poisoned 
through the incorporation into their bodies of 
cultures; and are affected in consequence by a 
paralytic weakening of the muscles and dysp- 
noea. According to Cantani the poison pro- 
duced by the bacilli exerts its effects partic- _ Fie. 448. — Influenza-bacilit 
ularly upon the central nervous system. tum (ruchsin) 3 1,000.5 Pu 


chsin). X 1,000, 

According to investigations by Czaplewski and Hensel (“ Bakteriolog. Untersuch. über 
Keuchhusten,” Centröl. f. Bakt., xxii., 1897) and Koplik (“ Die Bakteriologie des Keuch- 
hustens,” Centralbl. f. Bakt., xxii., 1897), there is found in the respiratory tract in 
whooping-cough a small, non-motile bacilius similar to the influenza-bacillus, which is 
thought to be the cause of whooping-cough. Luzzatto (* Zur Aetiol. des Keuchhustens,” 
Centralbl. f. Bakt., xxvii., 1900) found in cases of whooping-cough two bacilli, but was 
unable to determine with certainty their pathogenic significance. Jochmann and Krause 
(“ Aetiol. des Keuchhustens,” Zeit. f. Hyg., 86 Bd., 1901) found in whooping-cough a 
bacillus resembling the influenza-bacillus (Bacillus pertussis, Eppendorf); this could be 
cultivated upon media containing hemoglobin; they regard it as the cause of whooping- 
cough. Their bacillus is not identical with the one described by Czaplewskyand Hensel. 
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§ 163. The Bacillus diphtherie (Fig. 449) was first thoroughly studied 
by Loffler; it is found in the croupous membrane occurring in diph- 
theria, and is regarded as the cause of this disease. In the internal 
organs, as the spleen and lymph-glands, it is either entirely absent: or 
present in such slight numbers that it can be demonstrated only by 
methods of cultivation. 

The bacilli are 1.5-3 » long, often somewhat thickened (club-shaped ) 
or pointed at the ends. When stained the bacilli appear spotted or 
granular. They stain best in a staining-solution composed of 30 c.c. of 
concentrated aleoholic methylene-blue solution in 100 c.c. of 0.0001 per 
cent. potassium hydroxide solution, after which the sections are treated 
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for a few seconds in a 0.5-per-cent. solution of acetic acid and then with 
alcohol. In stained sections the bacilli often appear segmented. They 
also stain by Gram’s method, provided the treatment with Lugol’s sola- 
tion and alcohol is of brief duration. 

Diphtheria-bacilli grow best in the presence of air (Löffler) on a mix- 
ture of three parts of calf’s or sheep’s serum, and one part of neutralized 
veal-bouillon, to which one per cent. of peptone, one per cent. of grape- 
sugar, and 0.5 per cent. of common salt are added; or upon blood-serum 
and agar-agar with an addition of ten per cent. glycerin or of sugar-con- 

taining bouillon (Kolisko, Paltauf, Kitasato). 

-\ & They form grayish-white colonies. For their de- 

2.1 velopment they need a temperature above 20° C.; 

das; they grow best at 33°-37° C. They are resistant 

N ra to drying; but may be quickly killed by moist 

‘ heat. Spore-formation has not been observed. 

~ e \ Guinea-pigs inoculated subcutaneously with cul- 

% f tures of diphtheria-bacilli die in two to three days 

“es 5 (Loffler, Roux, Yersin); whitish deposits and a 

iN NS hemorrhagic oedema are found at the point of the 

‚Fo, 49. - Diphtheria-ba- inoculation. The inoculation-area contains bacilli, 

cn om a pure culture. the internal organs, on the contrary, are free. The 

lene-diue) 1,00. éntroduction of cultures into the opened trachea of 

rabbits, chickens, and pigeons, as well as the inoc- 

ulation of the conjunctiva of rabbits and the vagina of guinea-pigs is followed 

by an inflammation with the formation of a pseudomembrane. Sheep, 

horses, cats, dogs, cows, rabbits, and pigeons are susceptible to subeu- 
taneous inoculation. Rats and white mice are nearly immune. 

Roux, Yersin, Löffler, Spronck, and others observed the later appear- 
ance of paralysis in pigeons and guinea-pigs surviving the inoculation. 
Roux and Yersin assert that the intravenous injection of filtered bouillon- 
cultures free from bacteria will cause in guinea-pigs and rabbits after two 
to three days a severe illness characterized by paralysis and fatal termi- 
nation. 

The virulence of the cultures varies greatly. Diphtheria bacilli pro- 
duce in the human body and also in cultures toxins, which may be pre- 
eipitated by aleohol and obtained as a whitish powder. This substance 
has been classed with the toxalbumins, but according to Brieger and Boer 
it is not an albuminous body. It is also formed when the bacilli are cul- 
tivated in alkaline urine (Guinochet). According to Kossel the poison 
is formed within the bacterial cell from its food-material and then se- 
ereted. 

Water-solutions of the poison injected subcutaneously into animals 
cause local tissue-necrosis, hemorrhagie oedema, and inflammation; when 
taken up into the body-juices they give rise to pleural effusions, nephri- 
tis, fatty degeneration of the liver, and paralysis. 

Diphtheria in man is characterized by an inflammation involving usu- 
ally the mucous membrane of the pharyux, palate, arch of the palate, 
and upper respiratory passages. It appears as a febrile infectious dis- 
ease associated with symptoms of intoxication aud gives rise to local croupous 
erudations, in part also to diphtheritic sloughings (ef. § 92, Figs. 189, 
190). The croupous membranes constitute the most striking feature of 
the disease; they are found in the throat and nose usually in the form of 
eireumseribed flat patches, more rarely uniformly spread over larger 
areas; or, on the other hand, they may form a continuous layer lining 
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the larynx and trachea, or even the bronchi. Beneath the croupous 
membrane the epithelium is for the greater part lost; and the connective 
tissue of the mucosa is hyperemic, infiltrated, and swollen (Fig. 190). 
In severe cases the superficial layers of the connective tissue are necrotic 
in places, most frequently in the tonsils, which are more or less, often 
markedly, swollen. Of the deeper tissues the neighboring cervical 
lymph-glands in particular are swollen, and often show, when examined 
microscopically, small foci of necrosis and degeneration. Of the inter- 
nal organs the kidneys especially are accustomed to show changes, in the 
form of a more or less severe fatty degeneration of the epithelium and 
of the cells of the capillary walls; not infrequently they also present 
swellings and focal areas of small-celled infiltration. In the spleen 
there are frequently found areas of degeneration in the white-appearing 
follicles, in which the cells are more or less necrosed, in part disinte- 
grated and have lost their nuclei. In the blood many of the leucocytes 
show fatty degeneration. Degenerative changes and areas of inflamma- 
tion are not infrequently found in the heart-muscle. Paralyses are 
caused by degeneration and necrosis (Katz) of the ganglion-cells of the 
medulla oblongata and of the spinal cord and of the corresponding 
nerves. 

The lungs are not demonstrably changed by the diphtheria poison, 
but bronchopneumonia, due to the aspiration of irritating bronchial 
contents or to an extension of the bronchial inflammation to the respi- 
ratory parenchyma, is of frequent occurrence. 

The local inflammations of the mucous membranes as well as the symp- 
toms of intorication may be caused by the diphtheria bacilli and their toxins 
alone ; but it must be noted that streptococci are almost regularly pres- 
ent in the diseased area, and that a pure streptococcus infection may 
present the clinical and anatomical picture of a “diphtheria.” When 
both bacteria are present the injurious effect of one may be supple- 
mented by that of the other, and the presence of streptococci appears to 
increase the virulence of the bacilli. In severe forms of diphtheria 
streptococci are usually present in great numbers; yet every streptococ- 
cus infection does not warrant a bad prognosis, since the virulence of the 
cocci varies greatly. 

In the course of the infection with diphtheria bacilli there arise in the 
body antitorins, which nullify the poisonous action of the toxins, and aid 
and make possible recovery from the disease. The formation of anti- 
toxins follows the inoculation of animals with attenuated bacilli, and 
upon this rests the possibility of obtaining from animals (sheep, horses), 
that have been repeatedly inoculated with bacilli of increasing virulence, 
a serum which contains an antitoxin of value for therapeutic purposes 
(ef. § 32). 


Lehmann and Neumann call the diphtheria bacillus corynebacterium on account of 
the club-shaped appearance of the rods. Since the bacilli can also form branching 
threads in cultures, they class it with the hyphomycetes, among which the tubercle-bacil- 
lus and the fungus of actinomyces (odspora) are also classed by them and others. 

Ehrlich (*Die Constitution des Diphtherie-Giftes,” Deut. med. Wochenschr., 1898, 
p. 597) distinguishes different kinds of poisons produced by the diphtheria-bacillus, 
namely, forins and torons, these again representing no bodies of definite unity, but 
breaking up into several subdivisions (prototoxin, deuterotoxin, and tritotoxin) which 
are distinguished by the different degrees of avidity with which they unite with the 
antitoxin. He further assumes that there are present in the poison-molecule two atom- 
complexes independent of each other, one of which is of haptophorous nature and 
brings about the union with the antitoxin or with the corresponding side-chains of the 
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cells. The other atom-complex is toxophorous—that is, it is the cause of the specific 
action of the poison (cf. § 82). 

According to Zöfler, von Hoffmann, Rouz, Yersin, Babes, and others there are very 
frequently present in the mouth and throat bacilli, which are often designated pseudo- 
diphtheria bacilli. These resemble the true bacilli of diphtheria and can be distin- 
guished from them only in cultures. Since the diphtheria-bacilli can lose their viru- 
lence, it is not impossible (Rowz, Yersin) that both bacilli represent varieties of the 
same species. According to Kober and others diphtheria-bacilli are also found in the 
mouths of healthy individuals. 
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§ 164. The Bacillus tetani (Kitasato) is a fine, slender bacillus (Fig. 
450) which is widely distributed throughout the superficial layers of the 
earth, and is to be regarded as the cause of tetanus. According to ob- 
servations made by Nicolaier in 1885, it is often possible to produce in 
mice, guinea-pigs, and rabbits, by means of subcutaneous inoculation of 
surface-earth, a typical tetanus with fatal termination, 


due to this bacillus. ~ 

It was first demonstrated by Rosenbach in 1886 that } 1//! 7 
this same form of bacillus is present in the seat of in Qo Se ‘ 
jury in cases of tetanus in man following trauma or freez- __* ‘eo 
ing; and that when inoculated into guinea-pigs and mice = \- 
it again produces tetanus. Since that time this discovery N 
has been many times corroborated. The bacillus is not pi. 450.-Teta- 
present in an isolated condition in either the earth or in Poet opel with ter 
the infected wound; and consequently the inoculations 1.000. 
were made with a mixture of bacteria. Attempts to 
isolate by cultures the bacillus that was regarded as the cause of tetanus 
were unsuccessfully made by many investigators. In 1889, in Koch’s 
laboratory, Kitasato succeeded in isolating the tetanus-bacillus by allow- 
ing the mixed cultures to remain in the incubator for several days and 
heating upon a water-bath at 80° C. for a half-hour or an hour, and then 
subsequently keeping plate-cultures in an atmosphere of hydrogen. The 
bacteria growing in association with the tetanus-bacillus are killed, while 
the tetanus-bacillus is preserved. 

The tetanus-bacillus is anaérobic and thrives very well in an atmos- 
phere of hydrogen, but not in carbonic-acid gas. It grows on ordinary 
peptone-agar that is slightly alkaline, on blood-serum, and in nutrient 
gelatin. The latter is liquefied with evolution of gas. The addition of 
from 1.5 to 2 per cent. grape-sugar to agar-agar accelerates the growth; 
a temperature of 36°-38° C. is most favorable for its development. It 
forms long, thin, bristle-shaped rods which form terminal spores (Fig. 

32 


802 THE PATHOGENIC FISSION-FUNGI. 


450) giving rise to a spherical swelling at the end of the rod (knobbed 
bacilli). In cultures it may form long pseudothreads. The cultures 
give off an offensive odor; gelatin is slowly liquefied. The baeilli stain 
by Gram’s method. They are motile except during the time of spore- 
formation, and possess peritrichous flagella. Pure cultures inoculated 
into horses, asses, guinea-pigs, mice, rats, and rabbits cause tetanus, but 
in the case of rabbits larger amounts must be injected. The tetanic con- 
tractures begin in the neighborhood of the point of inoculation. Sup- 
puration does not occur at the point of inoculation. The bacilli cannot 
be demonstrated after the death of the animal, and are never found in 
the tissues except at the seat of inoculation. 

According to experimental investigations by Kitasato, the filtrate of 
bouillon-cultures of the bacilli, which does not contain bacilli, acts in the 
same way as cultures containing the bacilli, and guinea-pigs are espe- 
cially sensitive to it. The blood or transudate from the thoracic cavity 
of an animal infected with tetanus, although free from bacilli, will cause 
tetanus when injected into inice. It may therefore be assumed that in 
tetanus there is an intoxication witha poison (tetanotorin) which is diffused 
throughout the blood. This poison is (Kitasato) destroyed by heat (at 
a temperature of 65° C. and over, within a few minutes), and by direct 
sunlight (in fifteen to eighteen hours), and in diffuse daylight loses its 
virulence within a few weeks. According to investigations of Brieger 
and Cohn the purified poison gives no reaction for albumin, and there- 
fore is not a toxalbumin. 

The infection—intoxication—of man takes place usually through the 
medium of small wounds; idiopathic or rheumatic tetanus, which does 
not start from wounds, may arise through infection of the mouth-cavity 
and the respiratory tract (Carbone, Perrero, Thalmann). A preéxisting 
eatarrh favors the infection (Thalmann). The tetanus-toxin affects 
chiefly the nervous system. 

The Bacillus cedematis maligni ( Vibrion septique ef Pasteur) is an 
anaérobic bacillus first carefully studied by R. Koch. It is present in 
various putrefying substances, and is almost never absent from earth 
fertilized by decomposing fluids or liquid manure. The bacilli are 
3-3.5 » long, and 1-1.1 » broad; they often form long pseudothreads. 
They resemble the anthrax-bacilli, though somewhat more slender, are 
rounded at the ends, and not sharply cut across. In spore-formation & 
swelling of the rod takes place, as in the case of the Bacillus butyricus, 
so that spindle- and tadpole-shaped forms arise. 

The bacillus is motile, and possesses flagella on the ends as well as on 
the sides. It is not stained by Gram's method. 

It grows in nutrient gelatin as well as in agar and coagulated blood- 
serum, but must be introduced deeply into the medium and protected from 
the air. Nutrient gelatin to which one to two per cent. of grape-sugar 
has been added is an especially favorable medium (Flügge). Nutrient 
gelatin and blood-serum are liquefied, the latter with evolution of gas. 

The bacillus ean be easily obtained by sewing up garden-earth under 
the skin of a guinea-pig, care being taken to prevent the access of air to 
the point of inoculation. The ensuing multiplication of the bacteria 
excites a progressive oedematous swelling of the subentaneous tissue. 
At a later stage the bacilli spread over the serous membranes, and in- 
volve the spleen and other organs, 

Mice, guinea-pigs, horses, sheep, and swine are susceptible to the 
bacilli; cattle are not. 
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According to observations by Brieger, Ehrlich, Chauveau, Arloing, 
and others, the bacilli of malignant cedema may also occasionally develop 
in the human body, particularly when the tissues are poorly nourished 
and the bacilli through any accident—puncture of a hypodermic syringe 
—get into the deeper tissues. They excite gangrenous processes asso- 
ciated with hemorrhagic cedema and gas-production. 

As the Bacillus phlegmones emphysematose R. Fraenkel in 1892 
described an anaérobic bacillus which in many cases is to be regarded as 
the cause of phlegmonous inflammation associated with gas-formation. 
According to Fraenkel the bacillus is motile and only exceptionaily 
forms spores. It occurs in the external world (by Fraenkel it was 
demonstrated upon a splinter of wood with which a man dying of gas- 
phlegmon had been wounded); and when injected subcutaneously into 
guinea-pigs or sparrows produces a progressive gangrenous process with 
disintegration of the subcutaneous tissues and muscle, as well as free 
collections of fluid and gas. Intravenous injection into rabbits and 
guinea-pigs is followed by the formation of gas in the internal organs. 

It is probable that this bacillus is identical with one described by 
Ernst, Welch, and Nuttall (by the latter as Bacillus aérogenes capsulatus) 
as the cause of “foamy liver” (“Schaumleber”) (Ernst )—that is, with a 
bacillus which is regarded as the cause of gas-formation in the human 
liver (Ernst). The condition of “foamy organs” (Schaumorgane) prob- 
ably arises (Fraenkel) from the fact that the bacillus in question gains 
an entrance before death into the tissues, into the liver in particular. 


According to Vuillard and Vincent tetanus does not follow the inoculation of teta- 
nus-bacilli deprived of poison. Consequently it must be assumed that the bacilli can 
increase in the tissucs of man and animals and lead to poisoning only under certain con- 
ditions, when at the same time the poison of tetanus or of other bacteria (for example, 
Bacillus prodigiosus) gain access tothe tissues. Blumenthal holds that the bacilli secrete 
a ferment which produces, within the organism, the tetanus poison. 

According to investigations by Atlasato, Tizzont, Cattant, Baquis, Behring, and 
others, susceptible animals may be made immune against tetanus, or, more correctly, 
may be made poison-proof against the tetanus-poison. The blood of animals thus made 

oison-proof, possesses the power of destroying the tetanus-poison, and consequentl 
it is possible to immunize susceptible animals with the curative serum derived from this 
blood, or to cure an attack of tetanus after the disease has already been acquired (cf. 3 
2). 
As regards the bacteria of haemorrhagic infection, see S 44. 
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$ 165. The bacillus of bubonic plague (Bacillus pestis) was discov- 
ered in 1894 by Kitasato and Yersin, of the Japanese and French com- 
mission, while investig: ting anepidemic which had broken out in Hong- 
Kong. The pest bacillus is a small rod with rounded ends (resembling 
the bacillus of chicken-cholera), It stains easily with aniline dyes, espe- 
cially well with methylene-blue, and in part shows an exquisite polar- 
staining (Fig. 451). It is decolorized by Gram’s method. It is found 
in all cases of plague, in especial abundance in the swollen lymph-glands, 
but also in the spleen and blood. It may be cultivated upon the various 
media, and forms bluish-gray colonies, which contain rods of various 
lengths. It multiplies abundantly in bouillon containing sugar, and 
forms toxins. Independent movements have not been observed. Spores 


w 
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are not formed. The bacilli are easily killed by warming, but are able 
to withstand drying well. 

The bubonic plague, which destroyed great numbers of the inhabitants 
of Europe, at the close of the seventeenth and beginning of the eigh- 
teenth centuries (“Black Death”), has since 1720 almost disappeared 
from Europe and has shown itself only here and there in Eastern Europe. 
In different countries of Asia (Yunnan in China, Arabia, Mesopotamia), 
and in the interior of Africa (Koch) the disease seems to be endemic, 
and spreads from time to time in the same manner as cholera. 

Man is infected usually through the skin, more rarely from the mu- 
cous membrane of the mouth, nose, throat, and conjunctiva, still more 
rarely from the deeper parts of the respiratory tract, although cases of 
primary pest-bronchitis and pest-pneumonia oceur. Small wounds usu- 
ally form the avenue of entrance in the skin, but it appears (Albrecht 
and Ghon) that a violent rubbing of an area of the skin with infected 
fingers or clothing may be sufficient to bring about an infection. 

The bacilli are taken up by the lymph-vessels and taken to the 
regional lymph-glands, where they cause a very marked swelling of the 
infeeted gland or group of glands—the primary bubo. Through the in- 
fection of Iymph-glands situated farther 


along the lymph-system there arise pri- tf N 

mary bubocs of the second class, and by N > Br é 0 wr Jan 

metastasis through the blood-stream $e, foe Sl aed fy 

secondary buboes ara formed. The plague 7 a ad ee PO 
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numerous hemorrhages are also caused, 2 3 u 
and these are absent only in rare cases. 7 
To these changes there are also added Fıe. 41.—Plague bacilli (fuchsin). x 50. 
eireumscribed foei in the spleen, liver, 

kidneys, lungs, skin, ete. With the exception, therefore, of those cases 
in which the pest-infection is confined to the primary bubo, the disease 
is to be regarded as a general infection ( Albrecht and Ghon), which arises 
from the taking-up of bacteria from a primary focus of infection, and 
runs its course with the clinical picture of a polyadenitis and a severe 
hemorrhagic septicemia, 

The individual foci are characterized by tissue -necroses of the nature 
of coagulation-necrosis ( Albrecht and Ghon), as well as by serere eruda- 
tions, inflummation, and hemorrhage, and are caused by the presence of 
extraordinarily large numbers of bacilli. The Iymph-glauds of the pri- 
mary bubo show either wholly or for the chief part the appearanee of 
hemorrhagic infaretion, and are swollen and of a medullary consistence. 
After the course ef a few days they also show yellow necrotic areas which 
later undergo liquefaction, When the disease has lasted longer than six 
days, the liquefaction of the Iymph-glands may take on the character of 
a suppuration. 

The tissues in the neighborhood of the Ivymph-gland are always more 
or less cedematously swollen, infiltrated) with blood: and haemorrhages 
are also found in the walls of the neighboring large veins. 

The secondary inflammations of the Iyinph-glands and of the Iymph- 
adenoid tissue of the mouth and throat do not usually cause such a 
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marked degree of swelling as do the primary; they resemble the medul- 
lary swelling occurring in typhoid fever. The surrounding tissues are 
also less changed, but if the process be prolonged the picture comes to 
resemble that of the primary buboes. 

The spleen of plague-patients is somewhat swollen, dark red, finely 
granular, shagreened (Albrecht and Ghon), and often contains small 
necrotic foci, which are caused by the development of the bacilli in great 
numbers. 

In the glandular organs and in the skin, there oceur, besides hemor- 
rhages, also necrotic areas and.exudative inflammations, all due to the 
presence of bacilli. In the lungs there may occur, in addition to the 
primary pest-bronchopneumonia, secondary metastatic focal inflamma- 
tions and aspiration-bronchopneumonias. 

The majority of individuals infected with pest die within the first 
eight. days, but others may live several weeks and then die of marasmus. 

Not infrequently secondary infections, particularly of streptococci and 
diplococci, are associated with the pest-infection. They arise chiefly in 
the tonsils and follicular glands of the tongue following the changes 
caused by the pest-bacilli ( Albrecht and Ghon). 

Among animals, rats, mice, apes, and cats are especially susceptible to 
pest ; and in these, particularly in rats, spontaneous infections occur, so 
that they may aid in the spread of epidemics. Swine and dogs are less 
susceptible, birds still less so. 

The changes in infected animals agree in general with those observed 
in man. The infection may remain local or become general. After the 
lymphadenitis and the multiple hemorrhages there arise also miliary, 
tubercle-like foci in the spleen, liver, and lungs. The course is usually 
acute, rarely chronic. In the latter case the larger necrotic foci may be 
encapsulated by connective tissue. The animals are easily infected from 
the skin, as well as from the mucous membranes of the intestinal and 
respiratory traets; and such infection may take place from an uninjured 
mucous membrane. The inoculation of one mouse confined in a eage 
with other mice may give rise to a cage-epidemie (Schottelius). 


Attempts totmmunzze animals and man against pest by means of dead and attenuated 
pest-baritli have been many times carried out, especially by Yersin, Hafkin, and Lus- 
tig; and have been successful in so far that rodents, horses, and apes have been ren- 
dered immune against inoculations otherwise fatal. According to the reports of such 
attempts in man, a smaller per cent. of inoculated individuals acquire the disease than 
of those not inoculated; but doubt is thrown upon the results of these inoculations by 
other authors (Bitter). Further, atlempts at immnmization and healing hare been made 
in man, with the serum of animals which hare been rendered tmmune, particularly of 
horses (Yerstn, Lustig); and different authors ascribe to such serum a favorable influ- 
ence, 

During the last several vears, as the result of the spread of plague in India and its 
appearance in Europe, numerous erticles upon pest haveappeared. The most thorough 
pathological anatomical and experimental investigations are those carried out by Al- 
recht and Ghon, whose articles have been used chiefly in the preparation of the text as 
given above. 

Slicker differentiates the followi ing forms of pest according to the first localization 
of the bacilli: (1) Bubonic plague (the most common form); (2) the cutaneous form 
(formation of vesicles and ulcers or furunele-like inflammations); (3) the pulmonary 
form: (4) the intestinal form. 

Some vears ago Sanarelli (“Sur la fievre jaune,” Ann. de UInat, Pasteur, 1897; 
Cent. t. Bakt., xii.) described as the cause of yellow fever a bacillus whose properties 
he sought to determine by means of culture-experiments and animal-inoculations. He 
is still of the opinion that his Raeillus zeteroides is the cause of yellow fever (* Zur Lehre 
vom gelben Fieber,” Chl. f. Bakt., xxvii., 1900), and reports favorably of the protective 
and curative etfects (“ Exper. sur l’emploi du scrum curatif et preventif de la fievre 
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jaune,” Ann. de U Inst. Pasteur, 1898) cf his serum obtained from vaccinated animals 
(dogs, horses, cattle). Freire (“ Man. sur la bactériologie, pathogenie ct traitement de 
la fiévre jaune,” Rio de Janeiro, 1898, Col. f. Bakt., xxvi.) on the other hand opposes 
energetically the correctness of Sanarelli’s views, and maintains that the cause of yellow 
fever is a coccus earlier described by him, which he calls the Micrococeus ranthogenicus, 
By inoculations of the same into dogs, guinea-pigs, and rabbits he was able to produce 
a disease resembling yellow fever, and likewise reports successful protective inocula- 
tions with attenuated cultures, 

Through the investigations of Duerey, Irefting, and Petersen (cf. Petersen, * Ulcus 
Molle,” Arch. f. Derm., xxix., 1894; xxx., 189.) it is probable that the ulcus molle or 
soft chaucre is caused by a bacillus. This view is, however, opposed by competent 
authors (Finger, “ Die Syphilis und die venerischen Krankheiten,” Leipzig, 1896); and 
the opinion is advanced that there is no single specific virus of soft chancre. It must 
also be remarked that attempts to cultivate the chancre bacillus have not been success- 
ful. (See also * Observations on the Distribution and Culture of the Chancroid Bacillus, 
by Daris, Jour. of Med. Res., 1902.) 
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& 166. The Bacillus tuberculosis is the cause of the infectious disease 
occurring so frequently in man and the domestie animals which is known 
ordinarily as tuberculosis, but is also sometimes called pearl disease 
(Perlsucht) in animals. 

The tuberele-bacillus was discovered and thoroughly studied by Koch 
in 1882. It isa slender rod (Fig. 452), of 1.5-4 » in length, and is 
usually slightly curved. It may be stained by aniline-dves (fuchsin, 
gentian-violet) to an aqueous solution of which an alkali, or carbolie 
acid, or aniline oil is added. The bacilli when once stained retain the 
stain, even when the preparation is decolorized in dilute sulphurie acid, 
or nitrie acid, or hydrochloric acid and alcohol, 

The stained bacilli not infrequently show in their interior clear, shin- 
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ing, unstained areas, or are composed of little stained spherules. Koch 
formerly regarded these clear spots as spores, and this view was generally 
accepted for a long time. Nevertheless, a germination of these struc- 
tures could not be demonstrated, and at the present time they are no 
longer regarded as spores. Consequently, the tubercle-bacilli form no 
special resistant forms, but on the other hand the bacilli are more resist- 
ant against external influences, for example, against drying, than are 
many other bacteria. 

The tuberele-bacilli may be cultivated at the body temperature aid 
in the presence of oxygen upon coagulated blood-serum, blood-serum- 
gelatin, nutrient agar, and in bouillon. They increase, however, very 
slowly, so {hat only on the seventh to tenth day or even later, do the cul- 
tures become visible in the form of dull-white flakes resembling little 
scales. Larger cultures form, on the surface of coagulated blood-serum, 
whitish, irregularly shaped, lustreless deposits. According to Nocard, 
Roux, and Bischotf the growth of ‘the bacilli is greatly aided by the 
addition of glycerin (four to eight per cent.). Pawlowski succeeded in 

cultivating them upon potato in sealed 
_ & < va glass-tubes. In cultures the tubercle- 


1 f a | \\ baeilli also form threads, which in part 
‘ \ 1 ® NA \ show branching. 

’ || At temperatures below 28° C. and 

Ve \ X above 42° C. the growth of the bacilli 

* “yy __@y 7 ceases. Sunlight kills the bacilli in a 


se UN @q’_. short time (Koch). 
! % If the bacilli from pure cultures are 
/B, N \ > ‘inoculated into experimental animals, 
/ - \ - . 
—n.N as % N tuberculosis is produced in these; and 
u ° 7 the infection is transmitted as well by 
ana Suifering With nulmonter tubers, ihoculation under the skin, or into the 
losis, Smear-preparation on cover-glass, — peritoneal cavity, or the anterior cham- 
stained with fucbsin and methylene-blue. a . . 
x 400, ber of the eye, as also by inhalation of 
an atomized suspension of the culture, 
by feeding, and by injection of bacilli into the veins. Guinea-pigs, 
rabbits, cats and gray field mice are especially susceptible; dogs, rats, 
and white mice less so. 

Infection of manand of animals occurs from the taking up of tuber- 
ele-bacilli from the lungs, respiratory passages, and the intestinal traet, 
or from wounds and tissue-uleerations. In the alimentary tract the 
lymphadenoid apparatus, tonsils, and the intestinal Iymph-follieles form 
the most frequent avenue of entrance. Further, a direct transmission of 
the bacilli from the mother to the fatus in utero, may oecur, but this is 
rare. 

The bacilli are spread throughout the external world chiefly by the 
sputa, under certain conditions also by the fieces and urine, further from 
tubereulous uleers, or from tuberculous organs which are taken from liv- 
ing or dead persons. Since the bacilli are rather resistant, they may be 
preserved outside of the animal body for a long time under certain con- 
ditions, and may beeome mixed with the respired air, as well as with the 
food and drink. The milk of tuberculous cows contains the bacilli es- 
pecially when the udder is diseased; but the bacilli may also pass into 
the milk when no disease of the udder can be demonstrated (Hirsehberg, 
Ernst, Leueh ). 

If the bacilli succeed in developing and multiplying in any tissue of 
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horseshoe, sometimes massed at one pole or at two or more points (Figs. 
454 to ‘The non-nucleated portions of the giant cells, when prop- 
erly stained, present conditions of de- 
generation and necrobiosis of the proto- 
plasm, which are brought about by the 
action of the bacilli present in the giant- 
cells (Figs. 454, 458, ¢). 

The emigration of leucocytes, which 
may take place even at the beginuing of 
the process, accompanies also the later 
proliferation (Figs. 453, e, 455, ¢). 

New vessels are not formed within the 
tubercle; and the old vessels are closed 
through the proliferation of the vessel-wallx, 
Usually the new-formation of connective 
tissue stops with the production of fibro- i 
Blasts, i . R ue 

If a large-celled nodule results from Seed tn BT fel en 
the cell-proliferation, the emigration of 
cells leads first to a collection of small round-cells at the periphery of 
the nodule (Figs. 455, ¢, 456, 5), but in part also to an infiltration of 
the same with round cells, which may be so marked that the large cells 
are either partly or wholly concealed, and the picture presented is 
that of a small-celled tubercle. If the emigration of the cells at the very 
beginning is very abundant the tubercle assumes from the start the char- 











Petlon of miliary tubercle of the omentum (alcohol, hirmatoxylin, eosin). a, Caseous centre 
ning remuinsof fat-cells; b, Obrocellular pet ©. glunteils;'d, fat tissue. > 100, 





acter of a small-celled _foens, though mononuclear fibroblasts or giant-cells 
N be demon: without much dif culty (Fig. 456, b). 

A serous exudation is also usually associated with the cellular emi- 
gration, and fibrin may be formed both within the tubercle itself (Fig. 457, «) 
and in its neighborhood. 
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necrobiosis of the cells, and on the other upon the deposit of coagulated sub- 
stances in the spaces between the cells. The cell-necrosisis characterized 
by a loss of the nuclei and a transformation of {he cells into lumpy 
masses which later disintegrate and become granular (Fig. 458 a, a). 
The deposit between the cells consists either of a network of fibrin (Fig. 
457, a) or of a granular or hyaline reticulated fibrinoid substance resem- 
bling fibrin but which does not take the Weigert’s fibrin stain and is 
stained yellow by Van Gieson’s. In the further course of the process of 
caseation the fibrin and fibrinoid substance disintegrate into a granular 
mass which fuses with the cell-detritus, so that the central part of the 
tubercle consists of a lumpy granular mass (Figs. 459, a, 460, a) which 
takes a weak diffuse stain with nuclear stains. 

The caseation affects at first the central portion of the tubercle, and 
is usually confined to this, while connective tissue is formed at the per- 
iphery, so that the tubercle comes to consist of a caseous centre (Fig. 
459, a) and a fibrocellular periphery (b) which usually contains giant-cells. 
Under certain conditions the caseation may involve the entire tuberele. 
If the caseation does not affect the periphery, the fibrocellular tissue of 
the peripheral zone, sooner or later, becomes transformed into a pure 
fibrous tissue, so that a fibrocaseous tubercle (Fig. 460, a, b) is fornied, 
the connective tissue of which is coarsely fibrillar or hyaline and poor in 
cells (b), and in the course of time usually becomes sharply defined from 
the caseous centre (a), so that the latter appears to be encapsulated by 
connective tissue. If the tuberculosis runs a favorable course the cen- 
tre instead of caseating may undergo a connective-tissue metamorphosis 
(Fig. 461, b, c, d), so that the tubercle becomes changed into a fibrous 
nodule. 


The infectious nature of the disease known as tuberenlosis had already been deter- 
mined by the experimental transmission of tuberculosis to animals (Fillemin, Lebert, 
Wyss, Cohnheim, Alebs, Langhans, and others), before the discovery of the tubercle- 
bacillus. Nevertheless, it was a long time before the view that tuberculosis was an 
infectious disease received general acceptance, and opposition to this view has even to- 
day not wholly disappeared (Widdendorp). 

The peculiar behavior of the tubercle-bacillus toward stains—that is, its property 
of retaining the stain after treatment of the preparation with acids and alcohol, the so- 
called acid- and alcohol-resistance—makes it possible to demonstrate with relative ease 
the presence of tubercle-bacilli in the sputum or in the tissues, and to differentiate it 
from other bacteria. It should be noted, however, that other bacteria show these prop- 
ertics; the dacillus of leprosy, the amegma-bucillus (a bacillus very frequently found on 
the corona glandis, between the scrotum and thigh and in the folds between the labia 
majora and minora), further two different dacilii found in butter (one described by L. Ltah- 
inowitsch and Petri, the other by Korn), and finally also different bacilli cultivated by 
Moeller from grasses (timothy-grass) and from cor-dung. All these acid-resisting bacilli 
may under certain conditions lead to errors of diagnosis; for example, the smegma- 
bacillus in the examination of urine, the butter-bacilli in the examination of butter, the 
latter particularly, since the bacillus described by Aabinvrritsch, when injected into the 
peritoneal cavity of guinea-pigs, causes a disease of the abdomen similar to true inocu- 
lation-tuberculosis, while the bacillus described by Avrn causes a pseudotuberculosis in 
white mice (these animals showing but slight susceptibility to true tuberculosis). 

Since the tubercle-bacillus in cultures forms simple and branching threads (Klein, 
Fischel, Coppen-Jones, Nocard, Maffucct, and others) and bud- and club-like swellings, 
many authors are inclined to group it with the thread-fungi. Lehmann and Neumann 
designate it as Myobactertum tuberculosis, Coppen-Jones as Tuberculomyces. 

Since the tubercle-bacillus in caseous pulmonary foci (Coppen-Jones), and after 
direct injection into the parenchyma of the brain, kidneys, mammary glands, and testi- 
cles, as well as after the intra-arterial injection of large numbers of bacilli (Bubes, Leoa- 
diti, Schulze, Lubarsch, Friedrich, and Nösske) forms, in addition to the ordinary colonies 
of bacilli, fungus-masses also resembling those of actinomyces, on the outer surface of 
which ray-like clubs radiate into the surrounding tissue, Zudarsch and others, in the 
assumption that the fungus-masses consist of branching threads, have classed the 
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tubercle-bacillus with the actinomyces or ray-fungi. Lubarech regards the ray-fungi 
as a sub-class of the Streptothrices, an intermediate group lying between the Sehizo- 
mycetes and the I/yphomycetes, and characterized by the formation of clubs; and to this 
class he assigns also the butter- and dung-fungi mentionedabove. According to Fried- 
rich and Nosske the fungus-masses regarded as resembling those of actinomyces consist 
only of rods. 

 Accordin to the investigations of Jlammerschlag, Ruppel, Sata, and others, the 
tubercle-bacilli contain au abundance of fat, which under proper conditions may be 
demonstrated by staining with sudan (Sata). According to Hammerschlag the tubercle- 
bacilli contain twenty-seven per cent. of substances soluble in alcohol and ether (fats, 
lecithin, poisonous substances), while other bacteria contain only 1.7-10 per cent. of the 
sume. The remaining substance insoluble in alcohol contaius albumin and cellulose. 

According to the investigations of Pridden, Hodenpyl, Kostenitsch, Vissmann, Ma- 
sur, Kockel, and others, dead tubercle-bacilli, when introduced into the tissues of an 
animal by inoculation, or injection into the blood-stream, or through introduction into 
the respiratory passages, excite, at the pomt of deposit, inflammation and tissue-pro- 
liferation similar to that caused by living bacilli, and in the case of a large inoculation 
may lead also to suppuration. These changes differ, however, from those produced by 
living bacilli, in that the bacilli are destroyed after a few weeks and the nodules of 
granulation tissue heal through a transformation into fibrous tissue; and further, by the 
fact that the severity of the local tissuc-proliferation is dependent wholly upon the 
amount of dead bacilli introduced, and that there is no spread of the process throughout 
the body. The dead bacilli must therefore contain substances (proteins) which cause 
inflammation and later also tissue-proliferation. 

In addition to the local effects, the substance contained in the cell-bodies of the 
bacilli may also cause emaciation of the animal. 

The active substance of the bodies of the baeilli—tubereulin— was first produced by Heck 
(1890) from six- to eight-weeks-old cultures in a weak alkaline veal-infusion, to which 
one per cent. of peptone and four to five per cent. of glycerin were added, by evapor- 
ation upon a water-bath to one-tenth of the original volume and filtering through a 
filter of earthenware and silicious marl. Later (1897) he dried highly virulent cultures 
of tubercle-bacilli in a vacuum-exsiccator, then triturated the dry substance, mixed it 
with distilled water and centrifugated it. The active principle is contained in the 
muddy precipitate thus obtained, which is again dried and triturated and dissolved in 
water to which twenty per cent. of glycerin is added for the purpose of preservation. 
This tuberculin (designated by Koch as T. R.) is said to contain 10 mgm. of solid sub- 
stance in 1 c¢.c. (prepared by Meister, Lucius, and Brünning). 

Yabe, by treating tubercle-bacilli killed by heating, with alcohol, ether, potassium 
hydroxide, and the Schweizer reagent (copper oxide-ammonia, solvent of cellulose), 
obtained three substances: fat, an albuminous body which he called trbereulo-myeopro- 
tein, and a substance whose chemical nature was not definitely determined, which he 
called tnbereulo-baeterieidin. 

Mycoprotein, when injected subcutancously, causes a collection of leucocytes; 
large doses kill guinea-pigs in two to four days. Tuberculo-bacterieidin also causes 
local inflammation; but is less poisonous for the organism as a whole. 
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§ 167. Tuberculosis is at the beginning a local disease, which occurs 
most frequently in the lungs, intestinal tract, and skin; that is, in places 
accessible from without. Cases of cryptogenic infection are by no means 
rare; in these the first demonstrable disease-changes appear in tissues- 
concealed in the deeper portions of the body-parenchyma—as, for exam- 
ple, in the lymph-glands, adrenals, bones, joints, brain, tubes—and it is 
to be assumed that under certain conditions the bacilli enter the body 
without causing lasting changes at the point of entrance, so that they 
develop first insome distant organ to which they are carried by the blood 
or lymph, and through multiplication give rise to tissue-proliferation and 
to emigration of white blood-cells. 

The local disease usually begins with the formation of miliary tu- 
bercles—that is, cellular nodules of the kind described above—which 
arise in the tissue either singly or (in case of multiple infection) in great 
numbers simultaneously, or one after another (secondary dissemination 
of the multiplying bacteria). The tissue in the neighborhood of the 
individual tubercles, as well as that between the tubercles, shows some- 
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its neighborhood (a) neither fresh granulation-tissue areas nor tubercles 
are still present, Oceasionally calcification of the encapsulated easeous 
mass may occur as a further sign of the termination of the process. 

The caseous masses of tuberculous foci are sometimes firm, some- 
times soft, and in the latter case very often suffer a disintegration and 
liquefaction leading to the formation of milk-white, crumbling, and pul- 
taceons or even thin fluid masses, so that the tuberculous area comes be 
present the pieture of an abscess surrounded by a wall (designated a: 
cold abscess), Rupture and emptying of the same externally leads to the 
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formation of cavities or caverns and fistulous passages accessible from 
without, and, when there is a wide opening, to ulcers. 

Disii and cavity-formation occur particularly in the lung, and 
may there lead to the formation of cavities as large as a man’s fist or 
larger. They also occur not infrequently in caseating lymph-glands, and 
in gaseous foci in the kidneys, brain, muscles, skin, and bones (Fig. 
469). The cavities (A) contain in the beginning the liquefied tuberculous 
tissue, in which not infrequently remains of the original tissue may be 
recognized in the form of sequestra (f). After the evacuation of the 
contents the wall may furnish material sufficient to fill the cavity again 
either through the secretion of pus or through the breaking-off of neero- 
tie tissue. Mamorrhages not infrequently arise through the erosion of 
blood-vessels. 

The walls of the caverns and abscesses are usually lined by caseating 
granulation tissue containing tubercles (Fig. 469, e); the surrounding 
tissue becomes indurated in part, and in part the seat of enseating foci. 
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If a tuberculous foeus does not become healed through tissue-indu- 
ration, sequestration or encapsulation of the dead tissue, or through the 
removal or death of the bacilli, there exists the danger of metastasis. 

This takes place first by the lymph-channels; and a part of the piet- 
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ure of a progressive tuberculosis is the development of tubercles in the 
lymph-spaces and in the walls of the lymph-vessels (Figs. 470, ¢, 4,; 471, 
eS: 9 hy i; 472, g, h, t, k, 1, m) in the neighborhood of the primary 
focus. The lymphogenous miliary tuberculosis is in some cases limited 
to the immediate neigh- 
borhocd of the primary 
focus (Fig. 471), at other 
times it involves larger 
areas and may, for ex- 
ample, extend from a 
caseating tubercle in the 
lung (Fig. 472, a) over a 
large part of the pulmo- 
nary lymphatic system. 
These lymphangiotic tu- 
bereles present the ap- 
pearance of bright gray 
nodules, often surrounded 
by a red zone, and consist 
essentially of the same 
structure as the primary 
focus. 

The lymph-glands 
may be affected very early 
(Fig. 472, d, d,), where- 
upon tubercles develop in 
them (Fig. 473, a, a,), 
leading through succes- 
sive crops of the same to 
a more or less marked enlargement and finally to a caseation of the 
glands (Fig. 472, d, d,), or toan induration, or to a combination of these 
processes. The thoracic duct may become infected from caseating and 
disintegrating lymph-glands, and through this channel an infection of 
the blood may also take place. 

Very often the formation of metastases takes place also through the blood- 
stream ; in the first place by the entrance of bacilli through the lymph 
from the thoracic duct as mentioned above, but very often also as the 
result of the direct entrance of bacilli into the circulating blood. Tu tubercu- 
lous tissue the bacilli may pass directly into small veins, though the 
obstruction to the circulation due to the closure of the vessels usually 
prevents their further dissemination. Often enough the bacilli gain 
entrance into the larger veins—as, for example, through the adhesion of 
caseating lymph-glands at the hilum of the lungs (Fig. 472, d,) with the 
neighboring veins (¢, f°), the tuberculous process involving the vein-walls 
by direct extension. Moreover, an infcetion of numerous veins with tuber- 
dle-bacilli may oceur in the neighborhood of a tuberculous focus, so that 
the small veins of an entire vascular system may present a well-marked 
tuberculous disease—that is, an inflammatory granulation-proliferation 
of the vessel-walls with the formation of tubercles and subsequent case- 
ation (Fig. 474, 6), so that, if thrombosis does not occur, large numbers 
of bacilli may enter the blood-stream from the diseased walls. In rare 
cases the arteries, particularly the pulmonary arteries, may become 
tuberculous through infection from the surrounding tissues, and so may 
give off bacilli to the blood-stream, 
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serous or serofibrinous, or pure fibrinous, or fibrinopurulent exudates 
may collect: in large quantities in the tissues (in the pulmonary alveoli, 
on the pleura, and in the subarachnoideal space, etc.). A high (septic) 
fever, rapid destruction of tissues with a tendency to suppuration, and 
an unusually severe inflammation, in part of a hemorrhagic character, 
point to a secondary infection. Nevertheless, it is often impossible to 
deterinine, without a special investigation directed to this point, whether 
@ pure tuberculosis or a mixed infection is present. 

For the treatment of tuberculosis with bacterial extracts and curative 
serum see § 32. 


The question as to how often tuberculosis is transmitted by the passage of 
baclill from the mother to the child is still an open one. It has, however, been 
shown by Schmorl, Birch-Hirschfeld, and Landouzy that in cases of miliary tuberculosis 
in pregnant women, tubercle-bacilli are present both in the intervillous spaces and in 
the blood of the chorionic vessels, and that the liver of the feetus may contain bacilli. 
Further, cases of tuberculosis of the placenta also occur (Schmorl, Kockel, Lungeitz), 
which may be regarded as stages on the way of the tubercle-bacillus from the mother 
to the fertus. 

Cases of tuberculosis occurring at an early period of life, reported by Demme, 
Baumgarten, Rilliet, Charrin, and others, as well as the statements of Armanni, Lan- 
douzy, and Martin, that the inoculation of portions of the organs of human fectuses 
obtained from tuberculous mothers produced tuberculosis in guinea-pigs, speak in favor 
of a passage of tubercle-bacilli from the mother to the fetus. Still more important are 
the experimental investigations of de Renzt and Gärtner, who succeeded through the in- 
oculation of pregnant guinea-pigs, white mice, and rabbits in preducing tuberculosis in 
a part of the young born of these animals. Gartner is consequently of the opinion that 
under certain conditions tubercle-bacilli may pass from the mother to the fatus in the 
case of both animalsand man. Finally, Maffucci and Baumgarten succeeded in effecting 
a transfer of tubercle-bacilli to impregnated hen’s eggs, and discovered that the infec- 
tion did not disturb the development of the chick, but, on the contrary, the bacilli that 
were taken up by the embryo remained in the tissue of the latter without multiplying 
to any extent, later to cause a tuberculosis in the body of the hatched-out chick. Ac- 
cording to the investigations of Friedmann tubercle-bacilli deposited at the same time 
with semen, in the vagina of rabbits, gained entrance into the embryo and could still 
be demonstrated on the sixth day. 

The experiments cited above not only justify the assumption that bacilli may be 
transferred from the mother through the placenta to the child, but also that they may 
remain in the body of the embryo for a long time without causing specific changes. 
The occurrence of a conceptional tuberculosis through the transmission of bacilli in the 
semen is still a question. It must be noted, however, that the semen and the contents 
of the seminal vesicles often contain tubercle-bacilli, not only in cases of tuberculosis of 
testicle and epididymis, but also in cases in which no tuberculous affection of the sex- 
ual apparatus could be demonstrated. In general, the following principles may be 
summed up: Tuberculosis is usually to he referral lo um ertra-uterine infertion ; and the 
children of tubereslous parenta sufer so frequently from this dis-ase, because they are 
more erjewed to tufection with tuherele-fhacili than are the children of healthy individuals, 
A special predisposition of the children of tuberculous parents to tuberculosis bas not 
been demonstrated. 

In animals a transmission of tuberculosis to the fortns seems occasionally to occur, 
according to the reports of Zippeliua, Jeamen, Patz, (ruthana, Matroz, Ludtin, Dronrier, 
Adams, and others, Johie was not only able to demonstrate ina fetal calf. the pres. 
ence of miliary neades and Jarzer nodules in the lunz=. liver, and various lymph-glands, 
but also to shew the prewenece of characteristic baciiiin the lesions. 

From the side of clinicians and physicians the ~-cailed scrofala haa been many 
times regardes} as an especial pathological condition of the organism of the child, pre 
disposing it in an e-pecial degree to tubercnionia, As serofulous are regarded thos 
children who permanently or at last very frequently suffer from inflammations of the 
mucous membranes new and ita acceseory cavities conjunctiva, middle ear, as well as 
of the skin. ai~, frota «selling of the Ivinph glance wading occasionally to necrosis ard 
suppuration. hually ales from chronic inflammations of the bones and joint- and «he 
present a flabby. pale. fen bloated appearances In many caes thea os miptome are 
due to tuberculeeie. in other cage they are ran’ an infection with are ptoce ci or 
staphylkaseci or sre the reaulte of as philix  serof cla ie not adienee entity. but ie omy 
an especial svinptecs complex beionzing to different disenes. Whether the affectes$ 
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children possess an especial predisposition to all these infections which may be desi; 

as srrofula is difficult of proof. The organism of the child is in general easily infected 
by these agents, and the frequent illness of certain children due to these infections may 
be referred to a lack of cleanlincss, or to especial conditions of the environment of the 
child, or to frequent injuries, etc., us well as to au especial predisposition of the child 
itself. 

Tuberculosis of mammals is observed most frequently in the case of cattle, and 
presents in general a course similar to that of the disease in man, though the granula- 
tion-areas develop more frequently into larger tumor-like nodules, particularly so in 
cattle, and the tendency to a generalization of the disease is less. The tuberculosis of 
the serous membranes which is often designated as pearl disease (“ Perlsucht”) begins 
with the formation of small nodules, leading then to a more marked proliferation of the 
connective tissue, giving rise to the formation in the thickened serosa of nodules of the 
size of a pea or bean or even as large as a hen’s egg or man’s fist (Fig. 477), which in 
the beginning are soft and sarcoma-like, but later become firmer and denser and often 
enclose calcified areas of caseation. The form of the proliferation is sometimes villous- 

like and warty, at other times of 
a mulberry- or grape-like form, 
cauliflower-like or even polypoid. 

Next to cattle the hog is most 
frequently affected with tubercu- 
losis, more rarely the horse, goat, 
sheep, cat, and still more rarely 
the og. 
Of wild animals in captivity, 
the ape, lion, tiger, bear, jackal, 
panther, jaguar, giraffe, and drom- 
edary casily acquire tubereu- 
losis. Of the small animals used 
for experiment the guinea-pig is 
the most susceptible. After sub- 
cutancous inoculations there re- 
sults a progressive tuberculosis 
which kills the animal in from 
about four to cleven weeks. In 
rabbits an inoculation tuberculosis. 
may heal, Field mice and white 
mice are infected with difliculty. 

Tabereulosts, if of frequent 
FR , occurrence in Is (chickens, 
—Growths from the pleura in g.cuse of bovine tuber- — piveons, pheasants, and parrots), 

but the bacillus of avian tuber- 
culosis is not identical with that 
of mammalian tuberculosis (Maffucei, Rirolta, Straus, Gamaleia, Baumgarten, Roger, 
and others); the tuberculosis of parrots alone is in great part caused by the bacillus 
of mammalian tuberculo: 

‘The cultures of tubercle-bacilli from man are dry, warty, or scaly and lustreless; 
those of avian tuberculosis moist, wrinkled, and soft, and morcover grow best at 48° C. 
Dogs are wholly immune to avian tuberculosis, but not to human tuberculosis. The 
intraperitoncal inoculation of mammalian tuberculosis (/eray) causes in rabbits numer- 
ous cascous foci in the liverand spleen with few giant-cells and scanty bacilli, and in the 
lungs numerous caseous nodules containing numerous bacilli, Inoculations into these 
animals of chicken-tuberculosis, on the other hand, cause a scanty production of non- 
cascating cellular proliferations containing giant-cells and great numbers of bacilli. 

According to Magfueci, Martin, and Gartner, the inoculation of human tuberculosis 
into chickens does not produce tuberculosis, but the bacilli remain alive for weeks 

ly of thechicken. Pigeons (.1 clair) die after intraperitoneal inoculation, 

are found in the tissues; the liver and lungs may contain living bacilli 

after the inoculation, In guinea-pigs (Strava) the bacilli of human 

bereulosis cause much more severe changes than do the bacilli of chicken-tubercu- 
losis. Whether man is susceptible to avian tuberculosis is still an open question. 

‘As pseudotuberculosis may be classed all those affections characterized by the 
formation of cellular and fibrous nodules, and in part also undergoing necrosis, and which 
are similar to tubercles, but which are not caused by Koch's bacillus. According to 
the etiology the following forms may be distinguished : 

1. Prcudotuberculosis due to dead foreign bodies. This may be caused by the experi- 
mental injection of lycopodium-spores, olive-oil, aud mercury into the blood-vessels, 
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the inhalation of irritating material into the lungs, the injection of large quantities of 
milk into the peritoneal cavity, etc. The presence in the tissue of caterpillar hairs, 
pieces of wadding, silk threads, etc., cholesterin tablets from ruptured ovarian cysts, 
and stomach-contents which have gained entrance into the peritoneal cavity, etc., may 
also lead to the formation of fibrocellular nodules. | 

2. Pseudotuberculosis caused by monomorphous and polymorphous bacteria. Eppinger, 
Bucholz, and Flerner have described forms of Cladothriz and Streptothriz obtained from 
apparently tuberculous lungs and bronchial glands which they are inclined to regard 
as the cause of the disease. Courmont found in an apparently tuberculous elbow- joint 
a bacillus which was not identical with Koch’s bacillus. An affection of the peritoneum 
resembling tuberculosis may be produced in guinea-pigs by the injection of the butter- 
bacillus of Rabinowitsch (which probably comes from cow-dung) as well as by the grass- 
bacillus of Moéller; and in white mice by the inoculation of the butter-bacillus of Korn. 

In the rodents a disease resembling tuberculosis is not infrequently produced by a 
plump, thick bacillus with rounded ends (Pfeiffer, Preisz, Zagari, Nocard, Bonome, Del- 
bunco, and others). Other forms of bacillary pseudotuberculosis have been observed in 
rabbits (Féerth), in birds (Muir), in the cow (Courmont), etc. 

8. Pwudotubereulosis due to hyphomycetes occurs in the lungs and may be produced 
artificially by the injection of different forms of aspergillus and mucor; but the affec- 
tions so produced show peculiarities which make possible a differentiation from true 
tuberculosis. 

4. Pseudotuberculosis caused by animal parasites occurs particularly in the sheep, 
hog, goat, cat, hare, roe, stag, and chamois, and is caused by different forms of Stron- 
gylus and by Pseudalius capillaris (Müller); it is therefore a vermian pseudotuberculosis, 
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8 168. Syphilis is, like tuberculosis, an infectious disease, which, 
proceeding from a local infection, spreads throughout the organism by 
means of the blood- and lymph-channels, and leads to the formation of 
localized inflammations and proliferations of granulation tissue, which, 
however, do not present so characteristic a structure as does the tubercle. 

As the cause of syphilis there was described by Lustgarten, in 1884, 
a bacillus which, it is possible, may have pathogenic significance and 
may represent the contagium of syphilis. The only point in favor of this 
assumption is the fact that’ the bacilli have been demonstrated in all 
stages of the most. varied forms of syphilitic foei. The bacilli have not 
vet been cultivated. 

The bacillus is similar to the tubercle bacillus, 3 to 7» long, often 
eurved, and somewhat swollen at the ends. According to Lustgarten it 
may be made visible by a complicated staining-process, by which the 
sections are stained in aniline-gentian-violet solution, then decolorized 
in potassium permanganate, and washed in sulphurous acid. Other 
authors have more recently published other methods, 

The bacilli are found in syphilitic foci only in small numbers, and lie 
for the greater part from one to four ina single cell (Lustgarten), but 
also between the cells, and are at times also present in the blood (Dou- 
trelepont). The Lustgarten bacillus can hardly be used, at the present 
time, as an ad to ditferential diagnosis, since the smegma-bacillus found 
in the preputial secretion and in the smegma between the labia majora 
and the labia minora stains also by the method described by Lustgarten. 
According to Doutrelepont, Klemperer, and Lewy, it is possible to dis- 
tinguish these bacilli from one another by proper staining methods (car- 
bol fuchsin). 

The poison through whose inoculation syphilis is produced occurs 
only within the human organism, where it is alone reproduced; and is 
communicated to other individuals only by direct or indirect. transfer. 
When implanted in an organism it excites inflammatory processes of 
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With these changes the height of the process is reached; the greater part 
of the tissue disintegrates and ulcerates, or is absorbed after disintegra- 
tion. A part of the cells are utilized in the formation of sear tissue. 
Within the area of the initial sclerosis and its immediate neighbor- 
hood the lymph-vessels (Fig. 478, d, e) are dilated and filled with lenco- 
cytes. Later, after the lapse of a certain length of time the lymph- 
glands, the skin, and the mucous membranes become involved in 
inflammatory processes (symptoms of the secondary stage). Still later, 
there follow syphilitic inflammations of the internal organs and the bones 
(tertiary stage). These are in part like other non-syphilitie inflamma- 
on but special forms of granulation tissue are sometimes produced, 
Ane RN, affections of the skin which are grouped under the term 
ides form sometimes only red spots, sometimes larger or smaller 
Deeiliary elevations which may be associated with the formation of vesi- 
cles and pustules as well as with the production of seales. Accordingly, 


papi t I ailsied Iympheressels Died 


the different forms of cutaneous syphilides have been called by 

names, as follows: Roseola syphilitica, and papular, vesicular, 

and ulcerative syphilides, as well as a psoriasis 

Anatomy of the Skin). A common element in all 

more or less marked inflammation, which is characterized particalarly 
by a tissue-infiltration and in part also by proliferation. Thus, for ex- 
ample, in the large papular syphilide or condyloma Tatum there is a beet-like 
elevation of the skin caused by an infiltration of the papillary body (Fig. 
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The gummata rich in cells are found especially in the inner meninges 
(Fig. 481), in the submucosa of different mucous membranes, in the 
skin, liver, testicles, and spleen; and form gray, or grayish-white or 
* gra ı-red, sometimes spherical (spleen, testicles), at other times more 
irregularly shaped, nodules (inner meninges), which in their light-gray 
or reddish-gray color and somewhat translucent character are similar 
al granulation tissue. Besides these lesions, diffuse inflammatory 
es are often present in the affected organs. 
1 syphilitic foci of infiltration often vanish quickly through 
on; in larger ones there occurs frequently a suppuration or a 
fatty and necrotic disintegration. The disintegration of syphilitic foci 
of the skin and subcutaneous tissue, as well as of the mucosa and sub- 
mucosa, leads to the formation of ulcers, which, in the case of the mucous 
membranes, occur most frequently in the region of the mouth, throat, 
and the upper respiratory tract (Fig. 483, a). In theinterior of deeper- 
lying gummata there are not infrequently formed caseous areas (Figs. 
481, d,; 482, a), which are at times regularly spherical, at other times 
irregularly shaped. The peripheral portions pass over into a scar-like 
connective tissue (Fig. 482, b, c, d) which encloses the caseous areas and 
radiates in bands into the surrounding tissues. In the neighborhood of 















mma hepatis (alcohol, alum carmine). a, Caseous nodule; b, homogeneous connective 
ethane with remains of liver tissue; d, connective-tissue bands radiating into the 
the edge of the cascous nodule; f, cellular focus within the connective- 






g in mucous membranes there are not infrequently formed 
iferations (Fig. 483, b, ¢). 

nains of gummata which originally were cellular come 
anatomical examination far more frequently than those which are 
still perfect, and in this condition are usually still designated as gun- 
mata. Not only does the cellular new-formation take part in the devel- 
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opment of the gumma, but also the infiltrated tissue itself, in that the 
latter also undergoes necrosis and becomes caseated. 

The cause of the frequent disintegration and necrosis occurring in 
syphilitic inflammations lies in the peculiar character of the exciting 
cause of the disease. A second factor may also be largely responsible 
for this manner of termination—namely, the extensive participation of 
the blood-vessels, particularly of the arteries, in the inflammation. 
When a syphilitic inflammation leads to the formation of granulation 
tissue or to a connective-tissue hyperplasia, the vessel-walls also become 
thickened, particularly the intima (Fig. 481, e), so that the vessel-lumen 
is narrowed and not infrequently completely closed. Occasionally the 
syphilitic process is localized chiefly in 
the vessels. 

Besides the peculiar foci of inflam- 
mation which point to a localization of 
the exciting cause of syphilis, there not 
infrequently occur in individuals who 
have suffered a syphilitic infection 
specific degenerations of the central nervous 
system (tabes, progressive paralysis), 
which are associated with proliferations 
of neuroglia. Nevertheless, these affec- 
tions, though regarded as the sequela of 
syphilis, present histologically no peculi- 
arities characteristic of syphilis, and 
occur in the same form in other individ- 
uals who have never had a syphilitic in- 
fection. 

Hereditary syphilis is characterized 
chiefly by peculiar tissue-changes, which 
differ considerably from the manifesta- 
tions of acquired syphilis, but changes 
also oceur which correspond to the latter. 
In the skin hereditary syphilis may cause 
? macular, papular, and pustular syphil- 
Fio. 483.—Syphilitic ulceration of the ides which may lead to ulceration. The 
aryaz, Sagittal section through tye larınz spleen is usually more or less enlarged, 
pen Pröuferaiong on tne epiglttis: c and in individual cases may attain ten 
the eft Wall of the larpak and the supe, times its normal volume. In the liver 
Flor thyro-arytenofd Hqainent, Naturalsize. there occur intravascular and perivas- 

cular collections of round cells which 
often collect in small closely packed foci; associated with these there 
is a periportal new-formation of connective tissue. There is also a 
diffuse hyperplasia of connective tissue throughout the entire liver 
(Fig. 484, a, b), giving to the organ a firm consistence and a peculiar 
yellowish-brown color. Further, there is also a proliferation of connec- 
tive tissue limited to the periportal tissue. The lungs may present, 
throughout or in part, a dense gray or grayish-white structure resem- 
bling that of sarcoma tissue. This appearance is due to the formation 
in the altered area of a cellular connective tissue (Fig. 485, a, b) which 
contains only imperfectly developed alveoli (e, e,) and bronchi (d, d,) 
or none at all. In cases of slight severity there exists only a thick- 
ening of the peribronchial and perivascular tissue and interalveolar 
septa, in part associated with an accumulation of desquamated epithe- 
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tilage, and lead to disturbances in the structure of the subchondral 
spongy bone-substance. Through the formation of granulation-tissue 
proliferations which undergo caseous necrosis, larger defects may arise 
in the bone substance. 


Syphilis can be transmitted to the foetus by the sperm as well as by the ovum. 
Paternal transmission is more common. After conception a transmission of syphilis 
from the mother to the fetus may take place. The transmission occurs most frequently 
in the second stage of syphilis. 1f infection and conception take place at the sume time, 
the disease appears in the child in its most severe form; but even freshly infected par- 
ents may produce healthy children (Neumann). Syphilis transmitted by the mother 
during the early months of pregnancy kills the fetus. Inthe later months of preg- 
nancy syphilis is as a rule not transferred to the child (Neumann). , 

fealthy women impregnated by syphilitic men may bear syphilitic children, but 
remain free themselves from syphilis throughout their lives. Women who are preg- 
nant with a syphilitic fetus infected from the father, but who have themselves escaped 
contact-infection, acquire through such a pregnancy a certain, though very variable, 
degree of immunity (//ochsinger). The immunity of the mother is the result of the pas- 
sage of immunizing substances to the mother from the foetus infected through the sperm, 
and is therefore not an absolute immunity (/luchsinger).. 

Higel and Jlolzhauser attirm that syphilis can be transmitted to swine. 
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8 169. The Bacillus lepr& (described by Neisser in 1879 and 1881, 
and by Armauer Hansen in 1880) is a small slender bacillus, from 4 to 6 » 
long. It is regarded as the cause of leprosy—also called elephantiasis 
Grecorum. It is found constantly and in great numbers in the diseased 
tissues (Figs. 486, 487, 485). 

The foci of disease in leprosy are in general characterized by a pro- 
liferation (Fig. 486) which consists of cells of different sizes and of a 
fibrous ground tissue. The bacilli lie sometimes between (e), sometimes 
in the cells (¢, d), and in the latter appear usually in such great numbers 
that the cells may become greatly swollen (d) and in part become 
changed into mono- and multinuclear giant-cells (Fig. 487). The latter 
occasionally enclose large vacuoles which contain great numbers of bacilli 
as well as the granular, thready detritus of the liquefied protoplasm. 
‘The nuclei remain preserved for a long time, and are pressed to the pe- 





Fig. 487. 


Fic, 438.--Tissue from a leprous nodule (alcohol. fuchsin, methylene-blue). a, Fibrocellular tissue; 
d, round-cells ; c, medium-sized cells; d, very large cells Olled with bactlll; ¢, free bacilli. x 20. 


Glant sell, wth vacuoles containing baci, [rom leprous proliferations of the nasal mucom 
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riphery by the vacuoles containing the bacilli. Later they are destroyed, 
so that the entire cell becomes changed into a vacuole containing bacilli 
(Fig. 486, d). The celis in which the bacilli lie are in part the original 
cells of the tissue, and in part newly formed cells. 

The bacilli are surrounded by a slimy envelope (Neisser), and react. 
ns in much the same manner as do tubercle-bacilli. The same 
ing methods may therefore be used for the former as for the latter. 
The stained bacilli often show clear spots or appear as if made up of 
stained granules. 

According to Bordoni-Uffreduzzi the bacilli may be cultivated upon 
peptone-glycerin-blood-serum, upon gelatinized blood-serum, and upon 
boiled eggs. Upon these media they form threads of four times their 
original length, which are often swollen into a club shape at the ends. 
Czaplewski cultivated bacilli, showing a moderate acid-resisting power, 
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nose. In the case of leprous affections of the respiratory tract the spu- 
tum may contain bacilli; and in the formation of nodules and ulcers in 
the skin the secretions from the latter may also contain the bacilli. 
Contagion seems to result most frequently from the nose (Sticker); in 
favor of this view speaks the fact that the anterior nasal region is usu- 
ally involved very early. The bacilli are spread throughout the body 
chiefly by the lymphatic system; but they may also get into the blood- 
stream. 

Besides the nose, the skin and the peripheral nerves are chiefly con- 
cerned in the disease; but the bacilli may multiply in other tissues, as 


FiG. 489.—Leontiasis leprosa, (After G. Münch.) 


in the testicles, liver, in the ganglia, and in the spleen, thereby giving 
rise to foci of disease in the organs. 

At the place of colonization the bacilli excite inflammation with tis- 
sue-proliferation. Granulation tissue containing blood-vessels is formed; 
this remains for a long time in a condition which is characterized by 
great richness in cells, and forms the basis for nodules and tumors in 
the skin and nose and for spindle-shaped thickenings of the nerves, and 
is the cause of the irritation and later of the degeneration and destrue- 
tion of the nerve-fibres. The bacilli and the tissue-proliferations caused 
by their multiplication often group themselves in the skin about the hair- 
follieles (Fig. 488, d), the duets (/), and the coil (g) of the sweat- 
glands, but such a relationship is not always to be seen (A). Moreover, 
the bacilli may penetrate into the blood-vessels, the hair-follicles, and 
sweat-glands (Touton), and thence on to the surface of the skin. Infee- 
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tion of the arterial walls causes a proliferating arteritis, by which the 
walls become greatly thickened and the lumina narrowed. In the ner- 
vous system the bacilli are found both in the connective tissue and in the 
nervous elements, particularly in the ganglion cells (Sudakewitsch). 
The cells occupied by them undergo degeneration in the course of time, 
occasionally with hydropic swelling and the formation of vacuoles. 

The tissue-proliferations caused by the growth of the bacilli may 
almost wholly disappear through the disintegration and absorption of the 
cells after the condition has lasted for years; but there always remain 
indurations rich in cells and pigmentations inthe skin. Caseation never 
takes place. 

Leprosy of the skin occurs especially in the face, on the extensor sur- 
face of the knees and elbows, as well as on the back of the hands and 
feet. It begins with the formation of red spots which either vanish, leav- 
ing pigmented spots behind, or become elevated into nodules of a brown: 
ish-red color (lepra tuberosa sive tuberculosa sive nodosa). In the region 
of the red spots the tissue contains large numbers of bacilli (Philipson), 
which for the most part lie within the vessels, and already at this stage 
the proliferation of the tissue can be demonstrated. Atcording to the 
investigations of Müller the vesicular eruptions which occur in leprosy, 
and were formerly regarded as the sequels of the leprous disease of the 
nerves, are caused by the presence of the bacilli. 

The nodules may remain unchanged for months, or they may increase 
in size and become confluent, so that very large protuberances may be 
formed, which, because of the distortion of the face thereby occasioned, 
have given occasion for the designation facies leontina (Fig. 489). 

Through external influences ulcers may be produced which show no 
tendency to healing. New nodules appear occasionally following ery- 
sipelatous reddenings and swellings of the skin. The glands of the sub- 
maxillary and inguinal region swell to form very large nodules. 

Leprosy of the nerves (lepra nervorum sive anesthetica) leads first to 
hypervesthesia and pain, later to anesthesia, more rarely to motor paraly- 
in the region of the affected nerves. The further consequences of the 
ase of the nerves are disturbances which express themselves in the 
skin by the formation of white and brown spots (lepra maculosa, morphea 











Fra. 490.— Lepra angesthetica uleerosa of the leg and foot. (After G. Münch.) 


nigra et alba), and in the bones and muscles by atrophy. Since those 
suffering from the di injure themselves after the ap- 
pearance of anzsth ned at a later period (Figs. 
490, 491) which cause deep erosions and may lead to the loss of entire 


phalanges (lepra mutilans). 
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Leprosy of the skin and of the nerves are usually combined; more 
rarely do they occur alone. Besides the nose, skin, and nerves, the cen- 


Tio, 491.—Lepra ansesthetica muttlans. Partial destruction of the Angers; ulcers inthe hand.” Läfier 


tral nervous system, mucous membranes, cornea, the cartilages, liver, 
lungs, spleen, lymph-glands, and the testicles, become diseased. 

In Europe leprosy is confined mainly to Norway, Sweden, Finland, 
the Baltic Sea provinces of Russia, and the coasts of the Mediterranean; 
but occurs sporadically in other regions. It oceurs very frequently in 
Hindustan, China, Sumatra, Borneo, Java, and Mexico, on the northern 
and eastern coasts of South Ameriea, in Upper and Lower Guinea, in 
Cape Colony, and on the northern coast of Africa. 
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$ 170. The Bacillus mallei is a bacillus discovered by Léffler, Schütz, 
and Israel in glanders foci; and later confirmed and studied by Weichsel- 
baum, Kitt, and others. It is to be regarded as the cause of glanders 
(malleus, maliasmus) and of farcy (skin glanders, malleus farciminosus), a 
contagious disease of horses, which occurs in man chiefly through trans- 
mission from horses. 

The glanders bacilli are very small, slender rods, which occur in the 
diseased foci, sometimes scattered, sometimes lying together in small 
clumps. Alkaline methylene-blue or gentian-violet are employed espe- 
cially for their staining. 
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The stained bacilli often show clear spots, which have been regarded 
by many observers as spores, but by Löffler as evidences of degeneration, 
The bacilli are present chiefly in the glanders-foci, but at times appear in 
the blood of the affected individual (Léffler, Kitt). 

The bacilli grow at a temperature of 30°-40° C., upon coagulated 
blood-serum, as well as upon slices of boiled potatoe, and upon potato- 
pap. Upon the latter they form amber-yellow coatings that later be- 
come red. Upon blood-serum they form small yellowish transparent 
drops which later become milky white, Upon agar the colonies are 
grayish-white. In cultures elub-shaped forms and threads are not infre- 
quently seen, Spore-formation has not been demonstrated. 

Horses, asses, sheep, young dogs, goats, cats, guinea-pigs, and field- 
mice are suitable for inoculation. In cats, after inoculation, there 
develop in the testicles cellular foci consisting essentially of leucocytes 





7 landers of & car's testicle (Müller's Auld. bomatoxyiin). a, Berainiterons tubules; 
Ss “Tubutes led with leueoeytes; 4, focl of leucocytes per st ee 


(Fig. 492), which lie partly inside the canaliculi (0, e) and partly around 
them (4). The injection of the pus of glanders nto the peritoneal cay- 
ity of male guinea-pigs causes the testicles to swell rapidly (Straus). 
After subeutaneous inoculations ulcers develop at the seat of inocula- 
tion, followed by swelling of the neighboring lymph-glands. Later, nod- 
ules may develop in the internal organs, and uleers may be formed in 
the nose. Typical glanders may be produced in horses and asses. Cattle, 
white mice, and house-mice are immune. 

The usual atrium of infection in horses is the mucous membrane of 
the nose; following this is the involvement of the submaxillary glands, 
and further a metastasis in various organs, In the nasal mucosa there 
arise as the result of the infection either diffuse cellular infiltrations of 
the mucosa or subepithelial nodules of the size of a millet-seed or a pea. 

34 
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In chronic farcy of the skin larger nodules are developed which join to- 
gether in rows, forming worm-like cords. 

The nodules of the mucous membrane break down easily. The cells 
of which they are composed bear precisely the character of pus-corpus- 
cles. Through the disintegration, softening, and suppuration of the 
nodules ulcers with yellowish infiltrated bases are formed. These en- 
large through a progressive, nodular or more diffuse infiltration and 
subsequent disintegration of the edges of the ulcer, as well as through the 
confluence of neighboring ulcers. Horses dying of glanders often present 
in the mucosa of the nasal septum very extensive irregularly shaped, 
sinuate ulcers, with eroded edges and floors covered with gray and yel- 
lowish material. In addition to these there are numerous small, lenticu- 
lar ulcerations and gray or yellowish nodular foci which are on the point 
of breaking down. The whole process is closely related to purulent in- 
flammation. The healing of the ulcer is characterized by the formation 
of radiating scars. 

The cervical lymph-glands are constantly swollen and inflamed. Of 
the internal organs the lungs especially are involved. They contain 
either nodules having a caseated and disintegrated centre and a grayish 
cellular periphery, or foci of lobular pneumonia, which present either a 
clear gray or a more hemorrhagic appearance, or through fatty and 
cheesy metamorphosis become opaque and yellowish-white. Occasionally 
the mucosa of the alimentary tract contains nodules of varying size, in 
part clear gray and consisting of cellular tissue, in part opaque yellow- 
ish-white, undergoing caseation or approaching suppuration. The 
spleen, liver, kidneys, and bone-marrow may also contain nodules. 

In farcy, which runs a more chronic course than glanders, there are 
formed in the skin and muscles nodules consisting of a small-celled tissue 
which later undergoes retrogressive metamorphoses, caseates and disin- 
tegrates. 

In man an infection with glanders takes place usually through 
small wounds of the skin, but may also occur primarily in the mucous 
membranes adjacent to the skin. In the skin and subcutaneous tissue it 
gives rise to nodular, pustular exanthemata, carbuncular and phlegmon- 
ous inflammations which may result in suppuration, and to purulent in- 
flammations of the lymph-vessels and lymph-glands. In the mucosa of 
the respiratory. tract catarrhs are produced and suppurating nodules and 
nodes are formed, leaving ulcers behind. In the internal organs metasta- 
tic small-celled nodules are formed, showing a tendency to suppuration ; 
also extensive abscesses and purulent infiltrations, especially in the mus- 
cles. In chronic farey which may last for years, large nodules are occa- 
sionally formed in the skin and muscles which through disintegration 
give rise to ulcers which heal with difficulty. For the diagnosis of the 
condition the bacteriological examination and inoculation experiments are 
necessary. 


According to the investigations of Kalning, Preusse, and others, an active poison, 
mallein, may be extracted from cultures of glanders bacilli which, when injected in 
small doses into horses sick of glanders, causes a febrile rise of temperature, and may 
be used us a diagnostic aid. 
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$ 171. As the Bacillus of rhinoscleroma, Frisch, Pellizari, Chiari, 
Cornil, Alvarez, Köbner, Paltauf, von Eiselsberg, Dittrich, and others 
have described a bacillus with rounded ends, which is constantly present 
in the diseased condition known as rhinoscleroma or scleroma respiratorium 
(Bornhaupt, Wolkowitsch), and is therefore regarded asthe cause of the 
same. It stains best with methyl-violet, the sections being left in the | 
stain for twenty-four to forty-eight hours. After staining, the sections 
are treated with iodine water, or left in absolute alcohol for one to three 
days. 

The bacilli for the chief part have a hyaline capsule. According to 
Paltauf, von Eiselsberg, Dittrich, Wolkow itsch, and others they may be 
cultivated upon blood-serum, gelatin, agar-agar, and potatoes, and also 
form capsules in the cultures. When grown in bouillon they show on 
the contrary no capsules (Dittrich). Stab-eultures in gelatin resemble 
closely the nail-cultures of the Friedlander pneumonia-bacillus, but are 
of a translucent grayish-white and not dead white. The bacilli stain 
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ore easily than the pneumonia bacilli, and also stain by Gram’s method. 
Stepa anow observed, in inoculations into the eyes of guinea-pigs, progres- 
sive inflammations and proliferating granulations containing the bacilli 
and hyaline degenerated cells. 

Rhinoscleroma occurs chiefly in eastern Austria and southwestern 
Russia; isolated cases have been observed also in Silesia, Italy, Egypt, 
Belgium, Sweden, Switzerland, aud Central America. It is a chronic 
disease progressing for years, beginning in the nose (Wolkowitsch), more 
rarely in the pharynx, larynx, or palate, and extending thence to neigh- 
boring parts—the external nose, lips, lachrymal duct, trachea, ete. In 
the nose the disease is characterized by a thickening of the nasal wall 
which is sometimes diffuse, sometimes elevated or nodular. The exter- 
nal skin takes on a red or brownish-red color, becomes stiff and fissured 
and covered with scales. In the throat and respiratory tract dense, car- 
tilage-like infiltrations are sometimes present, at other times a contract- 
ing cicatricial tissue is formed. The infiltrations may appear in the 
form of nodes and nodules or as elevations and flattened areas of 
thickening, or they may be spread out more diffusely. By the transfor- 
mation of the infiltration into scar tissue marked deformities of the 








Fig. 483. Fra. 494. 


FiG. 493. Section of rhinoscleromatous tissue, with numerous degenerated and vacuolated cells contain. 
tng bacilli (osmie acid, hematoxylin’. Preparation by Stepanow. x 30. 


Fig, 494.—Cells in condition of hyaline degeneration, and 
tissue of the vocal cord and of the nose. Preparation by Stepano' yaline-degenerat 
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affected organs may be produced. Deep destruction of the tissues is 
ben superfieial ulcerations 1 y, however, oceur, On section the infil- 
trated ie appears yellowish, spotted, but not infrequently shows a 
gray or grayish-red color. The tissue of the affected areas consists partly 
of granulation tissue, partly of fibrous connective tissue. If the former 
extends to the epithelial covering there appear in part proliferations, in 
part degenerative processes in the epithelial cells, the latter being char- 
acterized by the formation of vacuoles and by an infiltration of the part 
with round cells. According to Stepanow the vacuoles may contain 
bacilli. 

The granulation tissue itself shows in many places no especial pecu- 
liarities; rather does it present the same conditions present in other 
inflammatory infiltrations and proliferations of connective tissue. In 
other places, on the contrary, there may be found a larger or smaller 
number of large connective-tissue cells containing one vacuole or show- 
ing a total vacuolar degeneration or a reticulated structure, inthe meshes 
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of which bacilli may be demonstrated (Fig. 493), some of the latter pos- 
sessing capsules. It cannot be doubted that the multiplication of the 
bacilli in the cells is the cause of the cell-degeneration. 

Besides the cells showing vacuolar degeneration there also occur cells 
of various shapes which have undergone hyaline change (Fig. 494, a, b, 
c, d, e). These also contain bacilli with and without capsules, and also 
coccus-like forms. Through the loss of their nuclei these cells may 
become converted into non-nueleated homogeneous lumps (d). Finally, 
there also occur cells which enclose hyaline spherules (f, g), and free 
spherules are also found lying in the tissues (h). In places not yet 
affected by cicatricial retrogression the hyaline formations may be pres- 
ent in large numbers. 


Literature. 


( Rhinoscleroma. ) 


Alvarez. Rech. sur l’anat. pathol. du rhinosclérome. Arch. de phys., vii., 1886. 

Bender: Das Rhinosklerom. Cbl. f. Bakt., i., 1887. 

Chiari: Stenose des Kehlkopfes u. des Larynx bei Rhinosklerom. Wien. med. Jahrb., 
1882, 

Cornil: Lecons prof. pend. le I. sem. de l’un., 1883-84, Paris, 1885. 

Cornil et Alvarez: Mém. p. serv. & I’hist. du rhinosclérome. Arch. de phys., vi., 
1885. 

Dittrich: Ueber das Rhinosklerom. Zeitschr. f. Heilk., viii., 1887; Zur Aetiologie 
des Rhinoskleroms. Cbl. f. Bakt., v., 1889; Zeitschr. f. Heilk., viii. 

Frisch: Zur Aetiologie des Rhinoskleroms. Wien. med. Woch., 1882. 

Jaffinger: Das Sklerom d. Schleimhaut d. Nase, etc., Wien, 1892. 

v. Marschalk6: Histol. d. Rhinoskleroms. Arch. f. Derm., 58, 54 Bd., 1900. 

Mibelli: Beitr. z. Histologie des Rhinoskleroms. Monatsh. f. prakt. Derm., viii., 1889. 

Mikulicz: Ueber das Rhinosklerom. Langenbeck’s Arch., 20 Bd., 1876. 

Nikiforoff: Ueber das Rhinosklerom. Arch. f. exp. Path., xxiv., 1888. 

Paltauf: Actiologie des Skleroms Wien. med. Woch., 1891, 1892. 

Paltauf u. v. Eiselsberg: Zur Actiologie des Rhinoskleroms. Fortschr. d. Med., 1886. 

Pawlowsky: Ucb. d. Aetiologie des Rhinoskleroms. Cbl. f. allg. Path., i., p. 601. 

Pellizari: fi Rinoscleroma, Firenze, 1883. 

Röna: Rhinosklerom. Arch. f. Derm., 49 Bd., 1899. 

Stepanow: Ueber die Impfungen des Rhinoskleroms. Cbl. f. Bakt., v, 1889; Zur 
Actiologie des Skleroms. Monatsschr. f. Ohrenheilk., 1898. 

Wolkowitsch: Das Rhinosklerom. Langenbeck’s Arch., 38 Bd., 1889. 

Zagari: Ricerche etiol. sul Rinoscleroma. Giorn. internaz. d. Sc. Med., 1889. 


S 172. The Actinomyces or ray-fungus is a polymorphous fission- 
fungus which appears in different forms of growth inthe human and 
animal organism as wellas in cultures. It is the cause of actinomycosis, 
a disease occurring in man as well as in cattle, swine, and horses, and 
characterized by a progressive inflammation that produces in part granu- 
lation tissue and connective tissue, and in part pus. The botanical posi- 
tion of the fungus is still unsettled. By many it is classed with the 
thread-fungi, others group it with the polymorphous bacteria. Bostrom 
places it in the group cladothrir ; Kruse, in the group streptothriz. 

The masses of fungus formed in the tissues by the organism were long 
ago observed by Langenbeck and Lebert, but their significance was not 
rightly interpreted. The observations of Hahn, supplemented by those 
of Bollinger and Harz, first led to a ‘correct interpretation of the ray- 
fungus occurring in domestie animals. Isra@] shortly after found a simi- 
lar fungus in man; and Ponfick soon after gave his opinion in favor of 
the identity of actinomyces of cattle with the fungus discovered by Israel 
in man. 
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been found in the pus of actinomycotic foci, and that the swallowing of 
portions of plants (spike of grain [Bertha]), or the contamination of 
wounds with vegetable material, have in certain cases preceded the de- 
velopment. of actinomycosis. It is, therefore, very probable that: the 
fungus is present upon the higher plants or upon wood. 

If the fungus succeeds in settling in a tissue it excites an inflam. 
mation in its neighborhood. While the fungus which has penetrated 
into the tissue develops a mycelium and a fungus-granule (Figs. 496, a, 
497, a, 498, a) there is formed in its neighborhood a nodular focus of 
inflammation, which at first consists of small round cells (Figs, 496, b, 
e; 498, b); but later, in addition to pus-corpuscles (Fig. 497, ce), also.con- 
tains epithelioid cells and giant-cells (b, d). 

The fungus-granules may increase within the nodule and lead to its 
enlargement; and it very often happens that cellular nodules the size of 
a peaand larger contain a large number of fungus-foci, which are usually 
situated in the periphery of the same. At the same time new fungus- 
foci, and consequently new cellular foci, may appear in the neighborhood. 
The further spread of the infection takes place by means of small rods 
and threads, which are broken off 
from the larger masses, aud may 
be seen in the tissues partly free 
and partly enclosed in cells. 

Larger nodules often undergo 
in time 3 purulent liquefaction of 
their central portions, leading to 
the formation of small abscesses, 
which may become confluent to 
form larger pus-cavities or sinuses. 
In the neighborhood of the cellular 
areas (Fig. 498) there develops 
early an active proliferation of tissue, 
which leads to the formation of ves- 
selg (k) and young granulation tissue, 
Di. dra mtn avs nom aga WHICH later, becomes transformed 

RENTE Dr EBENE into connective tissue (c, g, h). If 

Is Recon fonnective the connective-tissue proliferation 

ural size, attains very considerable propor- 

tions, it leads to an induration (Fig. 

498), often also to an enlargement of the tissue. The connective-tissue 

proliferation may finally extend into the small-celled areas, and replace 
the latter, the fungi probably being destroyed in this way. 

If the connective-tissue proliferation becomes predominant there 
arises in the course of weeks and months a nodular formation of tissue 
x. 499, a) which in cattle may attain the size of a man’s fist or even 
ch a much greater si The tumor consists partly of dense connec- 
tive tissue, partly of granulation tissue, and partly of intermediate 
stages between the two. It always contains small cellular foci or even 
cavities due to disintegration, in the purulent contents of which the 
fungus-masses are found in the form of the granules described above. 
When the fungus develops within the jaw-bone there occurs at the 
same time an active new-formation of bone at the periphery (Fig. 
499, a) of the process. 

A predominance of tissue-necrosis and of suppuration over tissue- 
production gives rise to more or less extensive sinuous cavities and 
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branching fistulous tracts communicating with one another. The walls 
of these consist of granulation-tissue and hyperplastic connective tissue, 
and here and there contain fungus-foci. The masses of fungi may in 
part become calcified. 

In cattle the disease affects chiefly the lower jaw, but may involve 
also the upper jaw (Fig. 499, a), the tongue, throat, larynx, cesophagus, 
stomach, intestinal wall, skin, lungs, and subcutaneous and intermuscular 
tissues. In these regions it leads to the formation of more or less exten- 
sive nodular tumors of the character described above, and was formerly 
given various names, such as osteosarcoma, bone-cancer, bone-tuberculo- 
sis, lumpy jaw, wooden tongue, tuberculosis of the tongue, lymphoma, 
fibroma, worm-nodules, ete. In man the infection, so far as is known, 
takes place through the mouth, fauces, csophagus, stomach, intestine, 
and lung, or through some external injury. In the first-named region an . 
infection of actinomyces may take its start from carious teeth (cavities 
or fistule), or from any injury to the soft parts of the jaw or cheek. 
Thence it spreads over the neighborhood and may finally involve the face 
and the hairy portions of the head, as well as the throat, neck, back, and 
breast. 

With the advent of the process there arise swellings which later 
soften and give fluctuation. When the latter is the case, pus is formed 
which is at times thin and watery, at other times more viscid, and con- 
tains the characteristic granules. If these abscesses break externally there 
may be formed fistulous tracts, which nıay either close again, or continue 
to secrete pus. 

Besides these purulent foci, which sometimes are small, at other times 
extensive, there is constantly formed more or less granulation tissue, 
which at times may be very abundant. As aresult of fatty degeneration 
and disintegration of its elements the granulation tissue often becomes 
partially whitish or yellowish or reddish-white in color, and permeates 
the diseased tissue in an irregular manner. In other places it comes to 
a development of connective tissue, particularly in those places where 
the process is not spreading. 

Through this development of connective tissue a local healing result- 
ing in cicatricial indurations may take place, but in other parts the process 
usually makes further progress and may under certain circumstances lead 
to very extensive destruction. If the disease encroaches upon the bones 
of the spinal column or of the thorax these may be gradually destroyed 
from the surface, and become rough, eroded, and carious. In rare cases 
the jaw-bone may be attacked from within through an alveolar process, 
and so undergo destruction. From the base of the skull the process may 
extend into the interior of the skull and lead to actinomycotic meningitis 
and encephalitis. 

In primary infection of the respiratory apparatus the process takes 
the form of a bronchopneumonia characterized by the formation of nod- 
ular foci (Fig. 498, 5) the central portions of which at an early stage 
assume a yellowish-white color. Through the disintegration of the in- 
flammatory foci cavities may be formed which contain fluid, pus-corpus- 
cles, fatty detritus, spherules of fatty granules, disintegrated red cells, 
and masses of actinomyces. The tissue lying between the mycotic foci 
suffers a more or less extensive, often very marked, inflammatory thicken- 
ing and induration (Fig. 498, c), and through a new-formation of con- 
nective tissue may be transformed into a callous, slate-gray or gray and 
white mass, devoid of air, and later undergoing cicatricial contraction. 
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In this manner a large portion of the lung may become converted into a 
mass of connective tissue. 

From the lung the process sooner or later extends to the visceral 
pleura, and from this to the costal pleura or to the pericardium, giving 
rise in these places to inflammatory exudations and proliferations of tis- 
sue, which may lead to adhesions between the opposite layers of the 
pleura or pericardium. From the costal pleura the cellular infiltration 
as well as the pus formation and the fatty degeneration and disintegra- 
tion of the granulation tissue may extend between the ribs to the out- 
side, and spread in the contiguous soft parts, in the connective tissue 
and muscles, and may finally break through in places. From the 
lungs a rupture may sometimes take place into the mediastinum or 
pericardial sac, and finally into the heart. Under certain conditions a 
. rupture may occur through the diaphragm into the abdominal cavity, or 
the process may extend from the posterior mediastinum into the retro- 
peritoneal connective tissue. 

The secondary areas of destruction lying outside of the lung often 
reach an extremely large size, while in the lung the primary process 
advances but little and undergoes cicatrization. At one time the puru- 
lent softening predominates, at another time the formation of granulation 
tissue and the induration. 

Primary actinomycosis of the intestinal tract begins with the forma- 
tion of plaque-shaped whitish patches of the fungus (Chiari) or of nodu- 
lar mucosal and submucosal foci (Zemann), which contain the specific 
fungus, and lead to ulceration through the occurrence of disintegration. 
From the intestine the process spreads over the peritoneum and the retro- 
peritoneal connective tissue, as well as to the organs adjacent to the pri- 
mary focus—for example, the liver; and may finally break through the 
abdominal wall. At the places where the fungi develops the prolifer- 
ating foci of inflammation described above are produced. If fecal 
masses gain access to the tissues in case of intestinal rupture, gangrenous 
abscesses will arise. 

Metastasis may be associated with the local progression of the disease, 

but is rather rare. It usually results from a direct rupture into a blood- 
vessel. The metastases arising from a primary focus in the intestine are 
found especially in the liver; those arising from a primary focus in the 
lungs are found in the skin, muscles, bones, brain, intestine, and kidneys. 
The metastatic nodules behave like the primary foci. In rare cases there 
oceur also primary foci of actinomycosis in the internal organs—for ex- 
ample, in the brain and liver. The portal of entrance in these cases may 
not be demonstrable. 
_ Johne, Ponfick, Bostrom, Wolff, and Isra@l have attempted inocula- 
tion experiments upon animals, and according to their reports have 
obtained positive results in part (Johne, Ponfick, Wolff, and Israel). 
Wolff and Israel, by the inoculation of rabbits and guinea-pigs, obtained 
in almost all cases a characteristic disease with the formation of inflam- 
matory foci containing the fungus-masses. They were also able to again 
cultivate upon agar-agar the fungus contained within these foci. 





Levy, as well as Kruse, assumes that there are two forms of actinomyces, an atrobic 
cultivated by Boström, and an atrobic cultivated by Wolff, Israel, Aschoff, and himself, 
the two forms being closely related. An attempt by Zery to change one form into the 
other was not successful, although the a@robic form could be made to grow under 
anatrobic conditions. He regards the actinomyces as well as the fine-threaded fungus 
known as streptothrix as belonging toa group, the Hyphomycetes, characterized by the 
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formation of branching, probably unicellular mycelia and which multiplies through an 
acrogenic snaring-off of conidia-chains or through fragments of threads resembling ba- 
cilli. Since the ray-fungi do not correspond to any one of the known hyphomycetes- 
groups, he places them in a separate group, the Actinomycetes. In this group he also 
places the tubercle-bacillus, the lepra-bacillus, the diphtheria-bacillus, and the bacillus 
of glanders. Lubarsch regards the streptothrices, with which he classes the ray-fungi 
(to which | the tubercle-bacillus also belongs), as a transition form between the bacilli and 
the moulds, 

Berestnew also distinguishes different forms of actinomyces (cultivated by him from 
straw, hay, etc.), and, in addition to actinomycvsis, recognizes a condition of pseudo- 
actinomycosis, which runs a similar course to that of the former, but is caused by fungi 
which do not belong to the ray-fungi. Kruse likewise regards the etiological factor of 
an actinomycosis as being of varied nature and not representing a definite entity. 
Scharmayer emphasizes the variability of actinomyces according to the conditions of 
growth. 

Gozzolino found in the pus of a skin affection resembling actinomycosis nules 
and bacilli, from which a spore-producing bacillus (Bacsl!us flamentosus) was cultivated, 
which produced no branching threads. 

Recently Kppinger (“ Ueber eine neue pathogene Cladofhrix und eine durch sie her- 
vorgerufene Pseudotuberculosis,” Beit. 2. path. Anat. v. Ziegler, ix., 1891) found, in the 
pus of an old brain-abscess causing death through meningitis, a polymorphous fission- 
fungus, which he designated as Cladothrix asteroides. Its characteristics were deter- 
mined by cultivation and by inoculation into animals. Since the changes occurring in 
the lungs and bronchial glands of the affected individuals resembled those of tuberculo- 
sis, and as a disease suggesting tuberculosis resulted from the inoculation of this fungus 
into guinea-pigs and rabbits, the disease caused by the fungus may be designated pseu- 
dotuberculosa cladotrichica. 

Buchholtz (“ Ueber menschenpathogene Streptothrix,” Zetts. f. Hyg., xxiv., 1897) 
found in a pneumonic lung containing a large disintegration cavity with ragged walls, 
that the diseased lung-tissue was infiltrated with fine, branching, and many times broken 
threads, which stained with Gram’s method. He regarded the fungus, which he was 
not able to cultivate, as a pathogenic streptothrix. 

According to Dunker (Zeitschr. f. Mikroskopie und Fleischschau, iii., 1884) and Hert- 
wig (Arch. f. wissensch. u. prakt. Thierhettk., xii., 1886) there occurs in hogs a ray-fungus 
which is always situated in the muscles, particularly in the diaphragm, abdominal and 
intercostal muscles, and causes a degeneration of the muscle fibres in its neighborhood 
and proliferation of the intermuscular connective tissue. The fungus-masses form 
radially arranged clubs. They readily undergo calcification and then form white 
points in the flesh. 

According to investigations by Kanthack (“Madura Disease and Actinomyces,” 
Jour. of Path., 1892), ce (“Upon the Existence of More than One Fungus in Ma- 
dura Disease,” Trans. Phil. Soc., vol. clxxxv., 1894; Hyg. Rundschau, 1894), and Vin- 
cent (“ Et. sur le parasite de pied de madura,” Ann. de l' Inst. Pasteur, 1894), it is ve 
probable that the disease occurring in India, known as madura-foot or mycetoma, ie 
due to a polymorphous fission-fungus closely related to actinomyces, and called by 
Vincent the Streptothriz madura. The disease consists in a gradual swelling of one ex- 
tremity due to the formation of nodular deposits, which through softening become 
changed into abscesses and fistulous tracts, that upon pressure discharge pecu- 
liar brown or black, fish-roe, or truffle-like granules. Kanthack regards the fungus 
which is contained in the granules as identical with actinomyces; but the investiga- 
tions of Vincent and Boyce do not support this view. According to Boyce the strepto- 
thrix madurs occurs in two varieties, one white with fine dichotomously branching 
threads, the other black with branching pigmented threads. Unna and Delbanco 
(“ Anatomie des indischen Madurafusses,” Monh. f. prakt. Derm., 1900) also distinguish 
different forms of ray-fungi. The parasite of the madura disease has been known since 
\874 (Carter, * Mycetoma or the Fungous Disease of India,” London, 1874; Lewis and 
Cunningham, “ The Fungous Disease of India,” Calcutta, 1875; Hirsch, Virchow’s und 
{lirach's Jahresber., 1875, 1876), and was formerly known as Chionyphe Carters. 
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$ 173. In addition to those already described there is a large number 
of bacilli pathogenic for animals which may also cause infection in 
man. The most important animal diseases caused by bacilli are sympto- 
matic anthrax, swine-erysipelas, swine-plague, cattle-plague, and chicken- 
cholera. 


The bacilius of blackleg or symptomatic anthrax (Bacterie du charbon sympto- 
matigue) isa rod with rounded ends about 3-5 « long and 0.5-0.6 » broad, and some- 
times possessing independent motion. According to the investigations of Bollinger, 
Feser, Arloing, Cornevin, Thomas, and others it is constantly found in blackleg. 

Blackleg occurs particularly in young cattle and in lambs, and is usually fatal 
within two days. It is characterized anatomically by a tumor-like swelling of the skin 
due to the exudation of. a bloody serous fluid attended by the formation of gas in the 
subcutancous, intermuscular, and muscular connective tissue. The bacilli are found in 
the region of the exudation and gas-formation, as well asin the spleen and liver. They 
do not stain with Gram’s method. 

According to Arloing, Cornerin, and Thomas, the bacilli may be cultivated, in the 
absence of oxygen, in chicken-bouillon, to which a small amount of glycerin and sul- 
phate of iron is added. Kitasato and Kitt cultivated them in guinen-pig beuillon, agar, 
and gelatin in the absence of oxygen. They grow best at from 86°-38° C., and form 
spores in the middle or at the ends of the rods, whereby the latter become somewhat 
swollen. The addition of sugar and glycerin to the nutrient medium aids the growth. 
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The inoculation of cattle and sheep with bacilli which are attenuated by heating pro- 
duces an immunity against virulent bacilli. Cattle, sheep, goats, rabbits, guinea-pigs, 
swine, dogs, cats, and chickens are susceptible to the bacilli of symptomatic anthrax; 
black rats are immune; horses and donkeys occupy an intermediate position. 

The inoculation of guinea-pigs with virulent material—for example, with the dried 
juice of the muscle of cattle dying of blackleg—leads very quickly to a rapidly spread- 
ng swelling at the point of inoculation, due to the infiltration of the tissues with a 
bloody cedema. The bacilli spread with remarkable rapidity in the tissues, particularly 
in the subcutaneous and intermuscular tissue, and penetrate also intothe muscles. They 
cause severe lesions of the vessels, leading to hemorrhages and serous exudations, and 
after a time to an abundant emigration of leucocytes. The animals usually die on the 
second or third day after the swelling has spread over a portion of the body. The blood 
usually remains free from bacilli. Spores are not formed in the living body. 
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The bacilius of swine-erysipelas (Lifler, Lydtin, Schottelius, and Schütz) is a 
bacillus from 0.6-1.8 # long. It may be cultivated in bouillon, meat-infusion-peptone- 
gelatin, blood-serum, and sour milk. 

In gelatin- plates it forms peculiar radiating and branched figures. In stab-cultures 
it grows out in white streaks from the stab-canal like the bristles of a test-tube brush. 
In cultures the bacilli may form pseudothreads. They sometimes enclose shining spher- 
ules which are regarded as spores. By means of pure cultures the disease may be re- 
produced in susceptible swine. House-mice and pigeons die within two to four days 
after inoculation, and their blood contains numerous bacilli 

In rabbits, inoculation is followed by an erysipelas-like inflammation which termi- 
nates cither in a fatal general infection or in healing. Guinea-pigs and chickens are 
immune. . 

According to investigations by Pasteur and T’husllier, and confirmed by Schottelius 
and Schütz, the virulence of the bacilli for swine may be attenuated by progressive in- 
oculations in rabbits. Susceptible swine inoculated with this vaccine do not die after 
inoculation and become immune to fully virulent bacilli. 

Swine-erysipelas occurs particularly in young herds of highly-bred (English) hogs, 
while the common breeds are nearly or wholly immune. The disease is characterized 
by fever and the appearance of red spots, later becoming brown, upon the neck, chest, 
and belly. Intestinal hemorrhages occasionally occur. More than half of the infected 
animals dic, usually within a few hours or within four days. The autopsy shows 
swelling and localized hemorrhages in the mucosa of the intestine, swelling and ulcer- 
ation of the follicles, particularly in the ileocecal region, swelling of the mesenteric 
lymph-glands, and petechis of the serous membranes. 

The bacilli are found in the blood as well as in the lymph-glands, muscles, spleen, 
and kidneys, where they also lie in the blood-vessels. The majority are free; some are 
enclosed in leucocytes. They are stained by Gram’s method. 


Literature. 


Hess: Der Stäbchenrothlauf u. die Schweineseuche. Thiermed. Vortr., i., 1888. 

Kitt: Der Stäbchenrothlauf der Schweine und dessen Schutzimpfung. Jahresb. d. 
Thierarzneisch., München, 1885-86, Leipzig, 1887; Streptothrixform d. Bacillus. 
Cbl. f. Bakt., xxii., 1897. 

Löffler: Schweinerothlauf. Arb. a. d. K. Ges.-Amte, i., 1885. 

Lorenz: Schutzimpfung gegen Schweinerothlauf. Cbl. f. Bakt., xv., 1894. 

Lydtin und Schottelius Der Rothlauf der Schweine, Wiesbaden, 1885. 

Schütz: Rothlauf d. Schweine. Arb. a. d. K. Ges.-Amte, i., 1885. 


The bacillus of swine-plague is a small bacillus with rounded ends, 1-1.5 « long, 
staining chiefly at its ends. It resembles the bacillus of chicken-cholera, and may be 
cultivated upon various media. It is regarded as the cause of the disease known in 
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Germany as “ Schweineseuche” or Schweinepest, in England as hog-cholera or swine-fever, in 
America as swine-plague and hog-cholera, and in Sweden and Denmark as swine-plague ; 
but it isnot yet definitely determined whether the swine-diseases of different lands (with 
the exception of swine-erysipelas) are identical (see Preisz and Karlinski). 

The anatomical changes in swine-plague vary with the localization of the infection. 
In the lungs there are found multiple areas of necrotic and hemorrhagic pneumonia, 
and pleuritis. Intestinal infection leads to hemorrhagic and diphtheritic enteritis and 
(in chronic cases) to caseous inflammations, which are accompanied by corresponding 
changes in the mesenteric glands, and occasionally also by peritonitis. The bacilli, 
besides being found in the infected areas, are present in large numbers in the blood in 
acute cases. Hogs, guinea-pigs, rabbits, and mice are susceptible to inoculations. 


Literature. 


Bleisch und Fiedler: Schweineseuche. Zeitschr. f. Hyg., vi., 1889. 

Friedberger und Fréhner: Pathol. der Hausthiere, 1896. 

Frosch: Ursachen der americanischen Schweineseuche. Zeitschr. f. Hyg., ix., 1890. 

Marek: Histologie der Schweineseuche. Zeitschr. f. Thiermed., i., 1897. 

Preiz: Schweinepest und Schweineseptikämie. Zeitschr. f. Thiermed., ii., Jena, 1898. 

Raccuglia: Bakt. d. amerikan. Schweineplague und der deutschen Schweineseuche. 
Col. f. Bakt., viii., 1890. 

Salmon, Billings, Smith: Jahresb. v. Baumgarten, 1886-95. 

Schütz: Schweineseuche. Art. a. d. k. Ges.-Amte, i., 1886. 

Selander: Swinpest. Ann. de l’Inst. Pasteur, iv. 

Silberschmidt: Swineplague, Hog-cholera, Pneumoentéritis des porcs. Ann. de - 
l’Inst. Past., 1895. 

Smith: The Hog-Cholera Group of Bacteria. Cbl. f. Bakt., xvi., 1894, p. 281. 


The bacillus of chicken-cholera, or avian typhoid, a disease occurring epidem- 
ically among chickens, is a small bacillus from 1-1.2 # long, often somewhat constricted 
in its middle. It was first studied by Perroncito, then by Toussaint, Pasteur, Rivotta, 
Marchiafava, Celli, and Kitt. The disease is characterized clinically by great exhaus- 
tion and stupor, occasionally also by diarrhaal intestinal discharges; anatomically by 
swellings of the liver and spleen, hemorrhages and inflammations of the intestine, and 
also frequently by pleuritis and pericarditis. 

The bacilli are found in the blood and therefore also in the capillaries of the differ- 
ent tissues. They may be cultivated upon nutrient gelatin, blood-serum, and neutral- 
ized bouillon, as well as upon potatoes. They form white colonies. Feeding or inocu- 
lation of the bacilli causes in chickens a typical chicken-cholera; pigeons, sparrows, 
pheasants, rabbits, and mice are also susceptible to the bacilli. In sheep, horses, and 
guinea-pigs they produce abscesses at the point of inoculation. 


Literature. 


Gamaleia: Aetiologie der Hühnercholera. Cbl. f. Bakt., iv., 1888. 

Kitt: Gefliigelcholera. Cbl. f. Bakt.,i., 1887; Deut. Zeitschr, f. Thiermed., xiii., 1888. 
Pasteur: Compt. rend., xc., 1880. 

Wertheim: Cholera gallinarum. a. f. exp. Path., 26 Bd., 1889. 

Zürn: Die Krankheiten des Hausgeflügels, Weimar, 1882. 


According to the view of Voges (“Krit. Studien u. exper. Untersuch. über die Bakt. 
d. hämorrhag Septikämie und die durch sie bewirkten Krankheitsformen,” Zeitschr. f. 
Ilyg., xxiii., 1896, xxviii., 1898) the German swine-plague, rabbit-septicemia,“ Wildseuche,” 
“ Büffelseuche,” chicken- and duck-cholera, American hog-cholera, swine-ferer and “ Frett- 
chenseuche,” are all caused by the same disease-agent—the bacterium of hemorrhagic 
septicemia—and represent one and the same disease, to which he and Hueppe give the 
name of hemorrhagic septicemia. Preise (“Schweinepest und Schweineseptikämie.” 
Zeitschr. f. Thiermed., ii., Jena, 1898) distinguishes between Schiceinepest and Schweine- 
septikämie as two different diseases caused by different bacilli. Septicemia may be 
associated with swine-plague as a secdndary infection. Swine-plague is characterized 
by cascous plaques and ulccrations in the intestine, enlarged and in part necrotic lymph- 
glands of the abdominal and inguinal regions, and necrotic infiltrations of the skin and 
kidneys; septicaemia, on the other hand, according to Preisz, by a hemorrhagic pneu- 
monia, hemorrhagic fibrinous pleuritis and pericarditis, and hemorrhages from the kid- 
neys. Karlinski (“Schweinepest und Schweineseuche,” Zeit. f. Hyg., xxviii., 1898) 
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expresses himself in a similar manner and also distinguishes between Schweinepest and 
Schweineseuche. 

The Bacllius diphtherize columbarum is a small, slender bacillus, which was 
isolated by Löffler (“ Mittheil. a. d. k. Ges.-Amte,” ii.) from the exudate of a pigeon 
dying of diphtheria, and is regarded (Babes and Puscarin, “Unters. über die Diphtherie 
der Tauben,” Zeitschr. f. Hyg., viii., 1890) as the probable cause of pigeon-diphtheria, 
a discase resembling human diphtheria. Löffler was able to reproduce the disease in 

igeons but not in chickens by means of inoculations of pure cultures of the bacilli. 
fice died in about five days after inoculation, and the bacilli were found in the blood- 
vessels of all the organs. 

According to Loffler (1. c.) a bactilus is also present in the diphtheria of calves, but 
he was not able to cultivate it pure or to determine its pathogenic significance. 

The diphtheria of calves and chickens is etiologically different from human diph- 
theria (Keser, “Ist die Diphtherie des Menschen auf Kälber übertragbar,” Fortschr. d. 
Med., vi., p. 824; Löffler, “ Mittheil. a. d. k. Ges.-Amte.,” 1884; Pütz, Fortschritte d. Med., 
v., p. 187). 

Besides the above, there are many other bacilli which have been described as the 
cause of disease in animals. Thus, forexample, according to Hoöflich (“Die Pye- 
lonephritis bacillosa des Rindes,” Monatsh. f. prakt. Thierheilk., ref. Centralb. f. 
Bakt., x.) and Enderlen (“Primäre infectiöse Pyelonephritis beim Rinde,” Deutsch. 
Zeitschr. f. Thiermed., xvii., 1891, ref. Cent. f. t., x.), the frequently occurring 
pyelonephritis of cattle is caused by a bacillus. Likewise, according to Nocard (“ Note 
sur la maladie des beeufs de la Guadeloupe connue sous le nom de Farcin,” Ann. de 
U’In. Past., ii., 1888) the worm disease of oz, which was formerly of frequent occur- 
rence in France; and according to Oreste and Armanng (“ Studii e ricerche intorno al 
barbone dei bufali,” ref. Cent. f. Bakt., ii., 1887) and von Ratz (“Die Barbonekrank- 
heit,” Deutsch. Zeitschr. f. Thiermed., xxii., 1896), the plague occurring among the Ital- 
ian buffalo known as barbone det bufali is due toa bacillus (by Voges regarded as the 
bacillus of hemorrhagic septicemia). According to Nocard and Rouz (“ Le microbe de 
la peripneumonie,” Ann. de U’ Inst. Past., 1898) the lung-plague of cattle is caused b 
an extremely small, motile bacillus, whose form is with difficulty determined. Accord. 
ing to Bang (“ Aetiologie des seuchenhaften Verwerfens,” Zeitschr. f. Thiermed., i., 1887) 
bacilli should be regarded as the cause of the epidemic abortion of cows. Siegel and 
Busenius (“ Krankheitserreger der Mund und Klauenseuche,” Deutsch. med. Woch., 1897) 
have described a bacillus as the cause of foot-and-mouth disease; but according to C. 
Frankel (“ Der Siegelsche Bacillus,” Hygien. Rundschau, vii., 1897) its pathological 
significance remains to be proved. Whether the microorganism described by Babes and 
Proca (“ Aetiologie der Maul und Klauensueuche,” Centrald. f. Bakt., xxi., 1897) is the 
cause of foot-and-mouth disease is likewise still to be determined. Zöffler and Frosch 
(Cdl. f. Bakt., xxiii., 1898, p. 871) are of the opinion that the nature of the infecting 
agent in foot-and-mouth disease has not yet been determined. Lundgren (“ Die Renn- 
thierpest,” Zeitschr. f. Thiermed., ii., 1808) found a bacillus similar to the bacillus of 
symptomatic anthrax, and pathogenic for mice and guinea-pigs, in an epidemic disease 
affecting the reindeer herds of the Laplanders in northern Sweden. 


3. THE SPIRILLA AND THE DISEASES CAUSED BY THEM. 
(a) General Remarks upon the Spirilla. 


X 174. The Spirilla, or Spirillaces, or Spirobacteria are divided into 
two genera, one of them called Spirillum, the other Spirochete. Many 
writers recognize still another genus, Vibrio. 

The genus Spirillum is characterized by the formation of short, stiff, 
shallow spirals, which in part possess tlagella and show an active swarm- 
Ing movement. The wavy rods are also called vibriones by many 
writers. 

Spirillum sive Vibrio rugula (Fig. 500, 6) forms rods, from 6-16 » long 
and 0.5-2.5 2 broad, simply bent or having a shallow turn, and moves by 
means of flagella. It oceurs in swamp-water, feces, and in the slime 
from the teeth. 

Spirillum sive Vibrio serpens forms thin threads from 11-28 » long, 
having three to four wavy turns, and is found in stagnating fluids. 
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Spirilum tenue has very thin threads about 3-15, long, having 2-5 
screw-like turns. 

Spirillum undula (Fig. 500, a) consists of a thread from 1-1.5 broad 
and 8-12 » long, having from one and a half to three turns, and furnished 
with a flagellum at one end. It occurs in various decomposing fluids and 

executes rapid twisting and darting movements. 

v 5 S v L Spirillum volutans possesses threads 1.5-2 x 

thick and 25-30, long, with two and a half to 
"2 N three and a half turns, and bearing a flagellum at 
f each end. 
En ae om, The genus Spirochete (Fig. 504) is character- 
mw ized by long, flexible, closely-turned spirals. 

Fo, 600.—Sptrillam or Ve The Spirochete plicatilis forms long, very fine, 
briv regula (b) Spiri- closely wound threads, from 100-225, long; it is 
um undue (a). Mares of frequent occurrence in swamp-water and in 
chopped earth-worms. Dried putters, and makes very rapid movements. 
lol x O00. 5 Spirochete buccalis sive denticola is 10-20 « 

long, pointed at both ends, and is not infrequent- 
ly observed in the secretions of the mouth and nose (cf. Fig. 187). It 
appears to possess no pathogenic significance. 

The spirilla, so far as they are not pathogenic, have been but little 
studied. They are present in large numbers in the contents of privy- 
vaults. According to Prazmowski Spirillum rugula causes decomposi- 
tion of cellulose, and forms terminal spores. According to Weibel a 
vibrio present in nasal slime presents many forms of growth. Esmarch 
succeeded in cultivating a spirillum, called by him Spirillum rubrum, upon 
the various ordinary media. In bouillon it forms spirals of from forty- 
three to fifty turns. Short spirilla execute lively movements, but long 
ones, on the contrary, slow movements or are motionless. The colonies 
in firm nutrient media are at the beginning pale, but in time the portions 
not exposed to the air take on a wine-red color. In the spirilla of old 
cultures there appear three to four clear, dull-glistening spots that do 
not stain, and are probably to be regarded as spores. Cultures which 
contain such spirilla are more resistant to drying than others, but they are, 
however, very easily killed by heat. 

The long spirals may break up into short segments which possess only 
about three-quarters of a turn, but these may again grow in length, and 
undergo division. 

Kitasato and Kutscher have also succeeded in cultivating spirilla. 


Literature. 
(Life-history of the Spirilla. ) 


Esmarch: Ueber die Reinkultur eines Spirillum. Cbl. f. Bakt., i., 1887. 

Kitasato: Reinkultur eines Spirillum aus faulendem Blute. Cbl. f. Bakt., iii., 1888. 

Kutscher: Vibrionen u. Spirillenflora d. Düngerjauche. Zeitschr. f. Hyg., xX., 1895; 
Spirillum Undula minus u. majus. Cbl. f. Bakt., xviii., 1895. 

Prazmowsky: Unters. üb. die Entwickelungsgeschicte einiger Bakterien, Leipzig, 


Salomon: Spirillum d. Säugethiermagens. Cbl. f. Bakt., xix., 1896. 
Weibel: Untersuchungen über Vibrionen. Cbl. f. Bakt., ii., 1887, iv., 1888. 


(6) The Pathogenic Spirilla. 


$ 175. The Spirillum cholere asiatice, or the Vibrio cholere, also 
called comma-bacillus (bacille-virgule cholérigéne), was discovered by R. 
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Koch in 1884, and is regarded as the cause of Asiatic cholera. The 
spirilla (Fig. 501) form small, comma-like, curved rods from 0.8-2 4 
long. 

Cultures of cholera-spirilla may be obtained upon a great variety ot 
eulture- media of a slightly alkaline reaction. The temperatures most 
vorable for their development lie between 25° and 
0° C.; at between 16° and 8°C. they are still capable 4 ye . 
of a feeble development. ee, 

On gelatin-plates they form round, flat, yellowish _® 5 
dises which liquefy the gelatin only slowly. At In Sm 
a low magnification the cultures are irregular in 
o vitline, and of a granular or furrowed and rough split trim bare baie 
‘ace, appearing as if strewn with small par- ture. Cover-giass prep- 
ticles of glass (Koch). Through the liquefaction of Amyon salned with 
the gelatin in its immediate neighborhood there is 
formed a funnel-shaped cavity, to the bottom of which the colony sinks. 

Stab-cultures in gelatin form on the second day a whitish cord corre- 
sponding to the line of the stab (Fig. 502), in the immediate neighbor- 
hood of which the gelatin is liquefied. The canal thus 
formed widens out above into a funnel part which is 
filled in its lower portion with liquetied gelatin and in 
its upper with air. The widening of the funnel of the 
canal of inoculation takes place very slowly, so that its 
edge reaches the wall of the tube only after five to six 
days. 

On potatoes at from 30°-35° C. the spirilla form 
light-brown cultures, on agar-agar grayish-yellow slimy 
cultures. They grow also in bouillon, blood-serum, and 
milk. 

They do not increase in pure water (Bolton), but 
do so in water contaminated with substances furnishing 
nutrient material. 

The cholera-spirilla are aérobic, but they are also 
able to grow under anaérobic conditions. Accordiug to 
investigations by Hueppe cultivation with a deficient 
supply of oxygen increases the virulence of the culture; 
but the resisting power against injurious agents—for 
example, against acids—is on the other hand lowered; 
with free access of oxygen the reverse takes place. 
Pfeiffer, however, found that young cultures grown in 
the presence of oxygen also contained poison. The 
spirilla present in fresh dejeetions (Hueppe) are easily 
killed, and have but little infecting power; whereas the 
growth of the spirilla outside of the body increases their 
resistance (for example, against the gastric juice) and 
makes them at the same time more capable of causing 
infection in new individuals. They are easily destroyed 
by desiceation in free air (Guyon) and by high temper- 
atures, and by boiling for a short time. They are easily 
supplanted by saprophytic bacteria when the nutrient 
material and the temperature are not suitable. In the 
contents of privy-vaults they soon die out (Koch). They 
are very easily killed by acids, mercuric chloride, and 
carbolie acid. According to observations by Koch they 
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may live in well water for thirty days, in sewage for seven days, and on 
damp linen for three to four days. Nicati and Reitsch found them alive 
after eighty-one days in water taken from the harbor of Marseilles. 

In cultures they sometimes form short rods, more or less curved (Fig. 
501) and often joined in pairs; at other times they form long spirals. 
With these there also occur straight rods, and occasionally the majority 
form rods which show the curve only imperfectly or not at all. In 
fluid media to which oxygen has access they show active movements, 
which may be easily observed in hanging drops. According to investi- 
gations by Loffler the motility is dependent upon a terminal flagellum. 

At acertain degree of exhaustion of the food-material there frequently 
appear involution-forms, in which the rods are sometimes shrunken, 
sometimes swollen, thus creating a great variety of forms. A globular 
swelling, as well as the formation of spots which do not take the stain in 
stained preparations, occur as the result of degeneration, and have often 
been erroneously interpreted as phenomena of fructification. Spore- 
formation has not been demonstrated. The addition of hydrochloric or 
sulphuric acid to cultures of cholera-spirilla in peptone-containing 
media (peptone-meat-infusion or an alkaline, one-per-cent. solution of 
peptone containing one per cent. of salt) causes the culture to assume 
a rose-red or Burgundy-red color, due to the formation of a coloring- 
matter, cholera-red. According to Salkowski, this is a nitroso-indol 
reaction. 

When gaining entrance to the intestinal tract of man the spirilla, in so 
far as they are not destroyed by the action of the gastric juice or their 
growth otherwise prevented, develop both in the small and large intes- 
tines, and their multiplication is followed by a marked transudation from 
the intestinal mucosa, so that the intestine becomes filled with a fluid re- 
sembling meal-soup or rice-water, in which flakes of desquamated epi- 
thelium which has undergone mucoid degeneration float about. 

Thespirilla are always present in great numbers in the intestinal con- 
tents, and are found in the lumina of the intestinal glands, whence they 
may penetrate between and beneath the epithelial cells. 

In recent cases the spirilla may usually be demonstrated in cover-glass 
preparations stained with methylene-blue or fuchsin. Fresh dejecta, as 
well as soiled linen, are suitable for the examination, since, according to 
observations made by Koch, the spirilla may multiply actively for some 
time upon moist linen and moist earth. In old cases the demonstration 
of the spirilla is more difficult: but nevertheless sueceeds in all cases, and 
is attainable most surely by means of plate-cultures. In order to facili- 
tate the separation of cholera-spirilla from other intestinal bacteria, 
Schottelius recommends the mixing of the dejeeta with double the 
amount of a slightly alkaline meat-infusion, and allowing the mixture to 
remain uncovered for twelve hours at a temperature of from 30°—40° ©, 
The spirilla requiring oxygen will develop particularly upon the surface, 
and may be easily transferred thence to plate-cultures. Koch recom- 
mends for this purpose a solution of peptone with common salt. 

The presence of cholera-spirilla in the intestine excites an inflammation, 
which in the beginning finds expression in redness, swelling, marked 
transudation, mucoid degeneration of the epithelium, and desquamation ; 
later, by haemorrhages, formation of sloughs, and uleeration. It is char- 
acterized constantly by a more or less marked cellular infiltration of the 
tissues. The solitary follicles and Peyer’s patches are swollen even in 
fresh cases. Death may take place after a few hours or after one to 
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three days. If the disease lasts a longer time, the intestinal contents 
become more consistent and the intestinal mucosa shows ulcerative 
changes. 

According to our present knowledge, the spirilla produce poisonous 
substances which cause local damage to the mucosa Of the intestinal 
canal, and when absorbed give rise to symptoms of intoxication and 
cause paralysis of the vessels. Small foci of degeneration are often pres- 
ent in the liver and kidneys, within which the gland-cells show cloudy, 
fatty, or hyaline degeneration, or are necrotic. Moreover, the kidueys 
may frequently show cloudiness caused by a toxic degeneration of the 
epithelium; occasionally also a swelling of the cortex. Ecchymoses in 
the epicardium are of frequent occurrence, and in the later stages patches 
of necrosis may also occur in the mucous membrane of the vagina. The 
long-continued presence of spirilla in the intestine may give rise to ulcer- 
ation. Finally, the spirilla may be crowded out by the putrefactive bac- 
teria present in the intestine, and ultimatelydie out. Through the 
absorption of the products of decomposition a new intoxication may 
arise, which is not dependent upon the original spirilla. 

According to Koch, Nicati, and Rietsch, cholera-spirilla may also be 
found in the vomitus. Nicati, Rietsch, Tizzoni, and Cattani found them 
also in the ductus choledochus and in the gall-bladder. According to 
the statements of these authors the spirilla usually do not enter the 
blood, but in cases of severe infection they may be spread throughout 
the body. 

Koch demonstrated the presence of spirilla in a tank in India which 
furnished the inhabitants of the region with their entire supply of water 
for drinking and other purposes, at atime when a part of the inhabi- 
tants were sick and dying of cholera. Since then, they have often been 
demonstrated in water-supplies during cholera epidemics. 

According to investigations by Nicati, Rietsch, van Ermengem, and 
Koch, symptoms resembling cholera may be produced in experimental 
animals through the introduction of cholera-spirilla into the intestinal 
canal. This experiment succeeds when cultures are introduced directly 
into the duodenum or small intestine (Nieati and Bietsch); as well as 
when the gastric juice of the animals (guinea-pigs) is neutralized with a 
tive-per-cent. solution of soda, the bowels being quieted by au injection 
of 1 e.e. of tincture of opium to every 200 gm. of the body-weight, and 
one or more drops of a pure culture of the spirilla then introduced into 
the stomach (Koch). 

The animals thus inoculated die with marked symptoms of collapse. 
The small intestine is found to be filled with a watery, floceulent, color- 
less fluid containing spirilla in great numbers; the intestinal mucosa is 
reddened and swollen. 

Asiatic cholera is endemie in Lower Bengal and never entirely disap- 
pears there. Thence it spreads at: times throughout India, and is carried 
by transportation over a larger or smaller part of the world. Since the 
spirilla are easily killed outside of the body the transportation must be 
effected mainly by individuals suffering from the disease. The infection 
probably occurs exclusively through the alimentary tract, as the re- 
sult of the introduction of infected beverages, food, or some other sub- 
stance into the mouth; but without doubt not every introduction of 
eholera-spirilla into the intestinal canal is followed by infection. 

Moreover, it not infrequently happens that the spirilla increase in the 
intestine, but excite only slight changes, so that. the infected individual 
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suffers no marked symptoms, and the diagnosis can only be made through 
the demonstration of spirilla in the stools. | 

If the cholera-spirilla get into the water-supply and there increase, 
cholera may develop in the given region with very great rapidity. If, 
on the contrary, the infection takes place by direct or indirect contagion 
from man to man, the spread is slow, in that the disease is confined to 
those who come into contact with the sick, or with articles contaminated 
by the latter. The incubation period is from one to two days. 

In the intestines of convalescents the spirilla, according to investiga- 
tions of Kolle, may live for a long time and multiply without giving rise 
to any symptoms betraying their presence. Kolle was able to demon- 
strate them in a number of cases after five to eighteen days, and in indi- 
vidual cases as long as twenty to forty-eight days. 

One attack of cholera makes the individual immune for a certain 
time. The immunity depends upon the presence of bactericidal anti- 
bodies. Through these bodies the organism may be protected from 
cholera; but in those who have already contracted the disease the protec- 
tive influence is of no avail (cf. § 32). 


The poison which is produced by the cholera-bacillus and which causes the essen- 
tial clinical symptoms of a cholera-infection is not known. Gamaleia believes that it 
is a nucleo-albumin; Scholl that it isn peptone (choleratoxopepton). Pfeiffer is of the 
opinion that it is an clement of the cell-body. According to Afetschnixoff and others it 
is secreted by the cells. Ammerich and Txuloi would refer the morbid symptoms of 
cholera to a nitrite poisoning, since nitrites in small doses cause retching, vomiting, dis. 
charge of thin-gruel feces, fall of temperature, heart failure, cyanosis, and cramps of 
the extremities and muscles of the neck—that is, symptoms resembling those of cholera 
—and, moreover, because the cholera-spirilla are able to form nitrites out of nitrates 
(contained in the food). 

The virulence of cholera-cultures differs greatly, according to the place of origin and 
the age. The virulence decreases with the age. Guinea-pigs which are very suscep- 
tible to intraperitoneal inoculations of cholera may be protected against this infection 
by the intraperitoneal injection of attenuated cultures; but no absolute immunity can 
be produced in this way. The blood-serum of human individuals that have recovered 
from an attack of cholera shows protective properties for guinea-pigs for several weeks 
after the attack. 

The nitroso-indol reaction in cultures of the cholera-spirilla is duc to the fact that 
the cholera-spirillum in peptone solutions not only forms iudol but also nitrites. The 
addition of hydrochloric or sulphuric acid sets free nitrous acid which forms a red color 
with indol. With the Spirillum of Finkler, the Spirillum of Metschnikoff, and the Sptr- 
tllum of Deneke, which also produce indol, the red color of the cultures occurs only when 
potassium nitrite is added with sulphuric acid, or when nitrous acid alone is added. 


Spiritla Resembling the Cholera-Spiritlum. 


(1) The Spirillum of Finkler and Prior, found by these observers in the dejecta of 
persons suffering from cholera-nostras, after the discharges have stood for some time in 
a vessel. The spirilla are very similar to the cholera-spirilla, only somewhat longer and 
thicker. In plate-cultures they are distinguished from the latter only in the fact that 
the small colonies are not distinctly granular and have a sharp contour. Gelatin is 
quickly, not slowly, liquetied; and consequently in stab-cultures after twenty-four 
hours a sac-like tube filled with cloudy fluid (Fig. 503) is formed, which soon reaches 
the walls of the tube. 

On potatoes (Flägge), even at room temperatures, they form within forty-eight 
hours a gravisli-yellow, slimy coating, sharply marked off from the substance of the 
potato by a whitish border; while cholera-spirilla do not grow at all at room-temper- 
ature, and at higher temperatures form brown coatings. 

Further, they cause a foul smelling decomposition; and are rather resistant to dry- 
ing. When introduced into the intestine of guinea-pigs by the method given above, 
they produce effects similar to those caused by cholera-spirilla, but less intense. 

It is very doubtful whether the Spirillum of Finkler and Prior possesses a patho- 
genic significance for cholera-nostras, since the dejeeta from which these investigators 
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obtained their cultures were not fresh; and other authors have failed to find the spirilla 
in corresponding cases ( Kartulis, “Zur Aetiologie der Cholera nostras,” Zeitschr. f. 
Hyg. vi., 1889). Knial ( Münchener dretliches Intelligenzblatt, 1885), 
on the ot hand, found them in the cecal contents of a suicide. 

(2) Spirillum tyrogenum, found in cheese by Deneke in Flogge’s 
Institute (Deut. med. Wochenschr.. 1885), is also very much like the 
cholera-spirillum, but is somewhat smaller, and the long spiral 
threads are more closely wound. Cultures on gelutin-plates form at 
first sharply contoured discs that by low magnification appear dark, 
and liquety the gelatin more rapidly than the spirillum of Koch. 
In stab-cultures they behave like the Finkler-Prior spirillum, but do 
not grow upon potato, 

(8) Spiriltum sputigenum isa spirillum of the shape of a curved 
rod, somewhat longer and thinner than the cholera-spirillum. It 
scchrs in the saliva, and cannot be cultivated upon the ordinary 
media. 

(4) Vibrio of Metachnikoff (Gamaleia, “ Vibrio Metschnikovi et 
ses rapports avec le microbe du cholera asiatique,” Annal. d. Inst. 
Pust., ii., 1888; ili., 1889; Pfeiffer, “Ueber den Vibrio Metschnikovi 
uad sein Verhältnis zur Cholera asiatica,” Zeitschr. f. Hyg., 1889) 
is a fission-fungus isolated by Gamalefa in an epidemic occurrin; 
in chickens in Odessa, which was characterized by diarrhoea anc 
enteritis, When cultivated it shows a very great resemblance to 
the cholera-spirillum of Koch. The spirillum is most easily ob- 
tained pure by inoculating pigeons with the blood of diseased 
chickens. The pigeons die in from twelve to twenty hours and 
show the spirilla in the blood and in the intestinal tract. 
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§ 176. The Spirochete Obermeieri (Fig. 504) is found constantly in 
the blood of patients suffering from relapsing fever during the attacks 
of the fever, and the multiplication of these organisms in the body is the 
cause of the disease. 

The spirochste is 16-40 » long, and possesses numerous spiral turns. 
In a fresh drop of blood it shows very active motion. Carter and Koch 
succeeded in producing the disease in apes 
by inoculation with the spirochete; but 
nothing definite is known of its mode of 
development and habitat outside of the 
blood. The whereabouts of the spirochrete 
or of its spores during the afebrile stages 
of the disease are not known. The subcu- 
taneous inoculation into apes of blood con- 

- taining the spirocheete is followed only after 
era. pod Spiraehate Obermeier, several days by an attack of fever, and the 
with relapsing fever. After a dried spirochste is found in the blood only during 
ned WD methy‘ vo the febrile stage. According to the autopsv- 

findings observed in man, the spleen is swol- 
len and contains numerous yellow foci of degeneration, and often also 
angemic infarets. 

According to investigations by Nikiforoff the histological examina- 
tion of the spleen shows extensive cell-necrosis and cell-degeneration 
(Fig. 505, e), as well as deposits of fibrin in the veins of the pulp, and 
proliferative processes in the pulp-cells. Further, numerous large pulp- 
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cells (f) enclose red and white blood-cells or the remains of such. Fi- 
nally, numerous spirilla are found, especially in regions which are not 





Fia, 506.—Portion of tissue and fsolated cells from a splenic follicle with partial necrosis, in relapsing 
fever. (After Nikiforoff.) (Potassium bichromate and sublimate, methylene-blue.) a, Free spirilia: D, 
with spirilia; ¢, nou-nuclested lymphocytes ; ‘small : 
‘enclosing leucocytes and red blood-cells and their remains ; g, free red blood-cells. X about 


wholly necrosed but contain degenerated and necrotic cells, in part free 
(a), and in part enclosed in leucocytes (5), partly well-preserved, and 
partly beginning to show disintegration. 

The spirochetes stain especially well, in cover-glass preparations, with 
alkaline methylene-blue and fuchsin. 
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CHAPTER XI. — 


The Yeasts and [loulds, and the Diseases Caused b 
Them. 


§ 177. The yeasts (Blastomycetes) and the moulds (Hyphomycetes) 
belong, as do the schizomycetes, to the non-chlorophyllaceous thallo- 
phytes. With the schizomycetes they have no phylogenetic relationship; 
on the other hand, they are closely related to one another. 

The moulds and yeasts, like the schizomycetes, derive their nourish- 
ment from organic substances containing carbon. The majority find 
their food in dead organic substances, and belong therefore to the sapro- 
phytes ; some are able to obtain nourishment from living tissues, and are 
to be classed, at least at times, with the parasites. In human beings both 
forms occur. 

Outside the organism the moulds are generally known as the pro- 
ducers of the different mouldy films which so frequently develop upon 
organic substances. They belong to different groups of fungi. 

The yeast-fungi are the cause of alcoholic fermentation, and form the 
scum on the top of alcoholic beverages. 
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§ 178. Yeasts occur in man in the form of naked or encapsulated, oval 
or round cells of varying size. They are found chiefly as harmless sapro- 
phytes, most frequently in the upper part of the intestinal canal—in the 
stomach—where they are almost constantly present; and when beverages 
in the process of alcoholic fermentation are taken they may occur in 
large numbers, and may also multiply. In the bladder they may like- 
wise multiply, in case the urine contains sugar; and may cause fermen- 
tation of the urine with evolution of carbonic-acid gas. 

As parasites no importance has been attached to them until very 
recently, but the investigations of Busse, Btischke, Sanfelice, Curtis, and 
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others have established the fact that there are also species of Saccharo- 
mycetes of pathogenic importance. According to these observations the 
pathogenic yeasts can multiply in different tissues, in 


the skin, periosteum, lungs, and glandular organs, and 
can excite either purulent inflammations, or proliferations 
of granulation tissue, which run a course similar to that 


of an infection with actinomycosis or tuberculosis. In 
inflammatory foci the yeast cells are for the chief part 
provided with a capsule. They may be present in large 
numbers so that through their mass alone they may give 
rise to tumor-like swellings. Through degenerative 79, me mn 
changes, crescentic forms may develop from the oval u 
yeast-cells. 
In solutions containing sugar the blastomycetes form oval cells (Fig. 
506). Reproduction takes place through budding and constriction; on 
any portion of the parent cell there may 
develop an excrescence, which is constrict- 
\ A ed off after it reaches the size of the mother 
& cell. Under certain conditions the cells 
® 8 N may grow out into threads, but in these 
threads no subsequent segmentation occurs; 
jointed threads arise through budding 
g (Cienkowsky, Grawitz). A dilute culture- 
1 0 8% medium favors the formation of threads. 
& NY Mould-fungi are found in man partly 
in the form of simple or branched, un- 
0 jointed or jointed threads of varying thick- 
ness; and partly as oblong or even as 
Go spherical cells. The threads are desig- 
% ER nated as hyphe (Figs. 507, 508), and the 
& mass which they form as mycelium ; the 
® spherical or long oval or short eylindrical 
» cells, which are frequently arranged in the 
form of a rosary, as spores, or better as 
conidia-spores (Figs. 507, 508). Only rare- 
ly nas there been observed within the body 
a fructification upon special fruit-organs. 
The moulds are partly saprophytes and partly parasites; and are 
found almost exclusively in regions accessi- 
ble from without, as the skin, intestinal 
eanal, respiratory tract, external ear, vagina, 
ete. Only exceptionally, and under especial 
conditions, do they reach the internal organs, 
as, for example, the brain. It is evident that, 
on the whole, the living tissues of the human 
organism do not afford a suitable nutrient 
medium for the mould-fungi, and the life- 
activities of the t -cells for the greater 
part do not permit their development and 
multiplication. The need for oxygen pre- 
vents the growth of moulds in many tissues; 
and for many moulds the temperature of the 
body is too high, Moreover, the chemical composition of the ti 
does not offer to the moulds a favorable mixture of nutrient material. 
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active penetration into living tissue—that is, first into the epithelium 
(c, d), but often also into the connective tissue (a, f), and into the 
blood-vessels, and from these portals of invasion there may develop 
metastases in the internal organs. Thus, Zenker has observed hyphe 
and conidia in an abscess of the brain; and Paltauf has reported a case 
in which a mould-fungus was couveyed from an intestinal ulcer to 
the brain and lung. Schmorl has described thrush-metastases in the 
kidneys. 

Moreover, growths of moulds in the lungs are not always confined to 
dead material or to the cavity of the bronchus, but it happens, though 
rarely, that they penetrate into the living respiratory parenchyma, form- 
ing sinall white or yellowish, nodular masses, within which the lung tissue 
is necrotic, while in the neighborhood there is formed an inflammatory 
infiltration. In the injured cornea they may likewise penetrate into the 
tissue and cause necrosis and inflammation. 

Local colonizations of moulds which penetrate into living tissue 
cause a more or less marked irritation of the surrounding tissues, and 
give rise to tissue-degenerations (Fig. 509, c) and inflammation. Such 
changes may be observed in mycosis of the lung, as well as of the intes- 
tine (c, d, f) andear. When invading the lungs they form growths of 
hyphe which resemble the granules of actinomycosis, and are surrounded 
by collections of cells. Their action, however, is always limited, and 
they produce no substances which are injurious to the organism as a whole, 
or cause symptoms of poisoning. The frequently reported finding of 
moulds in abscesses of the subcutaneous tissues and internal organs are 
probably to be interpreted as due to the fact, that along with the bac- 
teria causing the suppuration, moulds also get into the tissues, as well 
as into the circulation. A general spreading of mould-fungi does not 
occur in these cases, in that the further development. of the same is con- 
fined to the place of the metastasis. 

The form of moulds which are saprophytic, or to a limited extent 
parasitic, in man, belong to the Mucor, Aspergillus, and Eurotium gen- 
era. From the ear various species have been obtained: Aspergillus fumi- 
galus (Fresen), Aspergillus flavus or flavescens (Brefeld, Wreden), As- 
pergillus niger or nigricans (Van Tieghem, Wreden, Wilhelm), Aspergillus 
nidulans (Eidam), Furotium malignum (Lindt), Mucor corymbifer, and 
Trichothecium roseum ; and, in so far as known, these are the same species 
which occasionally occur in the respiratory tract. 

In the majority of cases it is necessary, in order to determine the 
variety of mould, to make cultures upon suitable nutrient media (decoc- 
tion of bread, bread-agar, potato, gelatin, ete.). On these the conidia 
which are sown grow out into germ-tubes, and form simple or branched, 
unicellular or multicellular threads, on which arise the peculiarly con- 
structed fruit-bearers characteristic of the species, which eventually pro- 
duee conidia. Many also form spores through the copulation of cells of 
the mycelia, especially when the supply of oxygen is lowered (Brefeld, 
Siebenmann). 

In the mucors there appear especial fruit-bearers (Fig. 510, ec), which 
according to the species are either single or branched, and on the ends of 
which there are knob-like swellings from which the sporangia (d)—that 
is, spherieal vesicles filled with conidia-spores—grow. 

Mucor corymbifer, for example, forms branched fruit-bearers (Fig. 
509, ce). The sporangia (d) on the ends possess a smooth membrane and 
enclose at the time of ripening vellowish conidia-spores. 


672 THE PATHOGENIC MOULDS AND YEASTS. 


The aspergilli form conidia-bearers, which swell out spherically above, 
and then produce numerous sterigmata—that is, cone-like outgrowths, 
radially arranged, thickly 
crowded, and sprouting 
out from the upper half 
of the sphere. From each 
sterigma a chain of conidia 
is later constricted off (Fig. 
511, a, b). 

The botanical position of 
the fungus of thrush (aphthe) 
is still unsettled. Form- 
erly it was called Oidium 
albicans, and classed with 
the family Oidium, which 
occurs in different species 
in the form of filmy coat- 
ings upon organic sub- 
- stances. When cultivated 

#.G, 50%. - Mucor corumbifer in fructifeatton (culture upon from conidia it produces 

Eitgelatia’: c/ivanchiog (ruinbeazerss d’sforungim. xi, hyphee which become 

, jointed and develop coni- 

dia through a transverse division of the threads, but form no peculiar 
fruit-bearers, 

According to Rees, Grawitz, Kehrer, the thrush-fungus grows by 
budding and by the production of mycelia and conidia, which in turn 
produce at their ends, by a process of constriction, new conidia, in a 
manner similar to that which takes place in the forms of mycoderma 
belonging to the yeast-fungi. 
Consequently this fungus should 
be des «1 Mycoderma albi- 
cans, Linossicr and Roux are, 
however, of the opinion that the 
thrush-fungus does not belong 
at all to the s 
and they regard its ¢ 
at the present time 
ble. Cao, who i 
humerous varieties of oidium, re- 
gards the o a well-defined 
Class of fungi standing between 
the blastomycetes and the hy- 
phomycetes, which they ap- 
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proach through their production pinigatus, a. Fruitchend In optieal erosesection : be 
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According to Plaut the 

thrush-fungus is identical with a mould, Monilia candida, which oceurs 
frequently in nature. Kehrer suspects that it is one of the higher moulds 
which has become degenerated through parasi 
re resistant to the digestive juices, 
pout being killed. Without the 
ubstance they are harmless. They exe 
upon the intestinal canal only when fermentable substances are introduced, 
whereby at the hightemperature of the body abnormal products of fermentation are 
produced having an irritating action upon the intestinal tract. 
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Busse found (1894) great numbers of yeast-cells developing in the diseased areas 
present in a woman, thirty-one years of age, who died from multiple inflammations of 
the bones, skin, lungs, kidneys, and spleen, partly tumor-like and partly abscess-form- 
ing. According to his findings it may be regarded as certain that the yeast was the 
cause of the disease. The yeast could be easily cultivated upon suitable media. Mice 
were particularly susceptible to inoculation, dying in from four to eighty-three days 
after the injection. At death the yeast-cells were found to have marke ly increased 
both at the point of inoculation, and also in the internal organs. A proliferation of 
tissue occurred only after a long duration of the infection. 

Buschke found yeasts in multiple ulcers of head and neck, arising from acne-like 
lesions. Gilchrist and Stokes found yeasts in a lupus-like affection of the skin. 

Sunfelice experimented with yeasts from fruit-juices, and found among these one 
pathogenic for guinea-pigs (Saccharomyces neoformans) and one pathogenic for chickens 
and dogs (Saccharomyces lithogenes). Curtis found, in multiple proliferations of the 
skin resembling myxosarcoma, yeast-cells which were pathogenic for rats, mice, and 
dogs. 

6 Sanfelice, Corselli, Frisco, Roncali, Binaghi, Leopold, and others believe that blasto- 
mycetes may be the cause of true tumors, sarcoma and carcinoma; but true tumors have 
never yet been produced experimentally by inoculations of yeast-cells or by injections 
of the same into the blood. Only suppurations and inflammatory tissue-proliferations 
have been produced by such experiments; and the finding of yeast-like structures in 
true tumors, even if part of these were true yeast-cells, does not permit of the conclu- 
sion that tumors are caused by yeasts et § 122). 

According to investigations by Koch, Löffler, Lichtheim, Hückel, and Lindt, the 
conidia of Aspergillus fumigatus, A. flarescens, A. nidulans, Eurotium malignum ; Mu- 
cor rhizopodiformis, M. corymbifer, M. pusillus, and Af. ramosus, grow at the body-tempera- 
ture, and, when introduced into the blood-current of animals, grow into the tissues and 
form hyphe, although there is no new formation of conidia, and consequently no pro- 
gressive infection of the animal extending beyond the area within which the spores 
have been introduced. Conidia of Mucor rhizopodiformis and M. corymbifer grow, 
when introduced into the blood-stream of rabbits, chiefly in the kidneys and the lym- 
phatic apparatus of the intestines, where they cause a hemorrhagic inflammation. 
According to Cao, there are different species of oldia which, when injected into 
rabbits, cause inflammations, abscesses, or proliferations of granulation tissue; and 
many produce also a toxic action upon the organism. 

Aspergiiius mycoses of the respiratory tract are not rare In animals, espe- 
cially in birds, and the proliferating mycelia cause tissue-necrosis and inflammation. 
According to Chantemesse, Aspergillus Sumigatus causes in pigeons diseased conditions 
of the mouth, lungs, liver, and Kidney, that of the first two organs resembling diph- 
theria, that of the latter two closely resembling tuberculosis. It may, therefore, be 
designated pseudotuberculosts aspergillina. According to Potatn the infection may be 
transmitted to man and give rise to ulcerative diseases of the lung. 

Eurotium and Aspergillus, according to Siebenmann, are two different families, 
having, however, a close resemblance to each other, in that the mycelia and conidia are 
similarly formed. The essential differences between the two lie in the fact that Zuro- 
tium forms perithecia in the form of shining, light-yellow or sulphur-yellow, translu- 
cent bodies the size of a grain of sand, delicate and easily crushed; while the true 
Aspergillus forms hard, woody sclerotia usually embedded in a thick, white matted 
mass of mycelia. The development of these takes place in two periods. The second 
part of the development occurs only when the sclerotium finds a lodgment upon a 
moist substratum. 

Axpergillus flarua of Brefeld (Eurotium Asperillus flacus of de Bary) forms golden 
yellow, green, and brown growths; round, yellow, olive-green, or brown fruit-heads; 
round, rarely oval, sulphur-yellow to brown conidia with minute warts on the surface; 
diameter 5-7. Aspergillus fumigatus of Fresen (Aspergillus nigrescens of Robin) forms 
green, bluish, or gray growths; the fruit-heads are long, in shape resembling an in- 
verted cone; conidia, round, rarely oval, smooth, mostly clear and colorless; diameter 
2.5-3u. Aspergillus niger of Van Treghem(Eurotium Aspergillua niger of de Bary) forms 
dark chocolate-brown growths; conidia are round, brownish-black, or grayish-brown 
when ripe; surface smooth or warty; diameter 3.6-5 u. 

Aspergillus can develop upon the injured cornea and give rise to purulent inflam- 
mation. Seber (Graefe's Arch., xxv.) cultivated it upon the cornea and in the anterior 
chamber of the eye of the rabbit. Finally, Aspergillus also appears in the pelves of 
the kidneys. Babes (Biol. Centralbl., ii.) found the conidia and hyphe of a mould in 
_ ulcers of the skin which were covered by scabs, and gave to it the name of Oidtum sub- 
file cutis. 
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x 179. Thread-fungi are to be regarded as the exciting cause of 
disease in certain affections of the skin, as favus, herpes tonsurans, 
pityriasis versicolor, erythrasma. In all of these diseases the epithelial 
parts of the skin contain colonies of hyphe and conidia, and there re- 
mains no doubt that their presence causes in part tissue-degenerations, 
and in part proliferations and inflammations. 

The fungus of favus (Fig. 507) is usually called Achorion Schönleinii 
(discovered by Schönlein in 1839). 

Favus (tinea favosa, scald-head) affects particularly the hairy portions 
of the head, more rarely other regions, as, for example, the substance of 
the nails. It is characterized by the formation of dises (favus scutula), 
varying in size from that of a lentil to that of a five-cent piece, of a sul- 
phur-yellow color, and indented or pierced by a hair. In an abortive 
course it may merely form scales similar to those of herpes. 
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According to Kaposi, the favus scutulum originates as a small, punc- 
tiform, yellow focus lying under the epidermis and penetrated by a hair. 
This grows in a few weeks to the size of a lentil and then forms a sul- 
phur-yellow, indented dise showing through the upper layers of the 
skin. The scutulum consists of hyphe and conidia spores, and lies in a 
cup-shaped depression of the skin, beneath the horny layer which is 
drawn away above it. If the mass be removed during life, the cavity 
shows a red moist surface. The favus itself forms a white, crumbling 
mass which is easily disintegrated in water. 

If the scutula are not removed, they join together to form larger 
masses. When the epidermis is desquamated the favus-mass becomes 
exposed and dries up into a yellowish-white, mortar-like material. The 
hairs appear lustreless, as if covered with dust, and are easily pulled 
out, since the mycelia and conidia of the fungus penetrate into the hair- 
shaft and hair-bulb, as well as into the sheath of the hair-root. 

Through the growth of the fungus-masses the hairs may not only be 
shed, but the papilla may become atrophic. At the same time there is 
produced in the neighborhood of the hair-follicle a more or less intense 
inflammation which may take on an eczematous character. 

The development of achorion in the nails (onychomycosis favosa) gives 
rise to sulphur-yellow deposits or uniform thickenings of the parenchyma 
of the nails with simultaneous loosening and cheesy disintegration of the 
same. 

Trichophyton tonsurans, the fungus of herpes tonsurans (‘barber's 
itch,” “ringworm ”), consists of long narrow threads, branching but little, 
and with few conidia. It forms no scutulous masses, but penetrates easily 
into the hair-shaft, and makes the hairs brittle. It shows certain differ- 
ences of growth, according to whether the herpes develops upon hairy 
surfaces or upon areas devoid of hairs. 

Herpes tonsurans capillitii forms bare dises varying in size from that of 
a five-cent piece to that of a dollar. These spots in which the hairs are 
broken off short look like places in which the hair has been badly shaven. 
The surface is smooth or covered with scales, and somewhat reddened at 
the border of the disc. If the fungus-threads penetrate into the hair- 
follicles, pustules and seabsare formed. Such dises may appear in many 
places, and may constantly increase in size until healing finally takes 
place. 

On places devoid of hairs the herpes forms vesicles (Herpes tonsurans 
vesiculosus), and red scaly spots, dises, and circles (Herpes tonsurans squa- 
mosus). At times red spots appear in numerous places; these quickly 
spread, and as rapidly heal. The fungus is found between the upper- 
most layers of the epidermis, just beneath the stratum corneum (Kaposi). 

If trichophyton develops in the nail, the nail becomes cloudy, scales 
off, and is easily broken—a condition designated as onychomycosis tricho- 
phytina. 

Sycosis parasitaria arises through the fact that the development of the 
fungus is accompanied by a severe inflammation of the hairy parts of 
the skin, leading to infiltration and suppuration—that is, to the forma- 
tion of pustules, abscesses, and papillary proliferations. According to 
Kaposi and others eczema marginatum is also caused by the trichophy- 
ton tonsurans. The condition occurs in those regions where two surfaces 
of skin come into contact with each other and are macerated by sweat; 
and is characterized by the formation of vesicles, pustules, and scabs, 
which are situated in the periphery of a pigmented surface. 
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Microsporon furfur, the fungus of pityriasis or mycosis versicolor 
or dermatomycosis furfuracea, occurs likewise in the form of hyphe 
and conidia, which are somewhat sinaller than those of other skin-fungi. 
The pathological changes produced by this fungus are characterized by 
the formation of pale yellow or yellowish-brown to dark-brown and 
brownish-red spots, varying in size from that of a lentil to that of the 
hand, sometimes smooth and shining, at other times dull and exfoliating, 
and of irregular shape. They may be spread uniformly over large areas 
of skin; and are found chiefly upon the trunk, neck, and flexor surfaces 
of the extremities, but never upon the hands, feet, or face. 

Microsporon minutissium is the name given to a thread-fungus, 
which is found in the skin affection known as erythrasma (von Biren- 
sprung). The disease is charac- 
terized by the formation, on the 
inner side of the thigh, of. brown 
or reddish-brown patches, which 
are only slightly scaly, and may 
be as large as the palm of the 
hand. The fungus is found in 
the epidermis, and is smaller than 
that of pityriasis. 

The thread-fungi occurring in 
the diseased areas of the skin 
may be cultivated upon proper 
media (agar-agar, agar-glycerin, 
gelatin, potatoes, blood-serum, 
ete, ), and on such the conidia de- 
velop into single and branching 
threads, which become jointed 
(Fig. 512, a), and form chains of 
short cell (b). Club-like forma- 
tions which frequently appear 
upon the ends of the threads in Fic. 612. Culture of Trichophyton, 
cultures, are regarded by Quincke Be Te threeds: with tie errs 
and Elsenberg as imperfect spo- Mens sone of them being spherical. X 370. 
rangia. The botanical position of 
these fungi is not yet determined; and nothing is known with certainty 
concerning their distribution outside of the human and animal body. 

According to Quincke, three forms of fungi occur in favus-masses, 
two of these being varieties of one species of fungus. Elsenberg found 
only two, which he regards as being varieties of the same species. Pick, 
I and Biro believe firmly in the etiological unity of favus. 
bouraud advances the view that the fungi causing trichophytosis 
represe lifferent species, all of which belong to the genus Botry- 
tis. Krésing distinguishes three groups of trichophyton-fungi according 
to the different appearances of the cultures on potato, and emphasizes, 
moreover, the differences in their organs of generation and fructification. 
Rosenbach, who has studied the moulds occurring in deep suppurating 
inflammations of the skin, differentiates several trichophyton-fungi as 
the cause of these affections. 

According to Spietschka the Microsporon furfur may be cultivated 
from the scales of the skin, and in cultures can be very well differentiated 
from the other pathogenic thread-fungi. Through the inoculation of the 
fungus a typical mycosis may be produced in man. 
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From the great number of recent investigations by various writers it 
is impossible to deduce anything definite concerning the number of kinds 
of favus- and trichophyton-fungi. It is, however, evident from these 
investigations that the nature of the nutrient medium is of great influence 
on the character of the growth (Sabouraud, Waelsch), and the difference 
in findings is to be referred in a great measure to differences in the nu- 
trient media on which the moulds were grown. 

Inoculations with fungi grown in cultures, into the skin of human 
beings, rabbits, mice, etc., which were made by Grawitz, Boer, Münnich, 
and others, gave partly negative, partly positive results. According to 
Plaut the inoculations never give positive results when spore-formation 
has already taken place in the cultures, 


Von Ilebra has described ( Wiener med. Blätter, 1881; “Die Krankh. Veränd. d. 
Haut,” Braunschweig, 1881) as dermautomycosis diffusa flerorum a peculiar itching der- 
matosis, which occurs on the elbow and bend of the knee, and is thought to be caused 
by fungi, which are like those of pityriasis versicolor. 

Fuvus and herpes tonsurans occur also in domestic animals, as well as in mice and 
rats (cf. Friedeberger and Fröhner, “Lehr. d. spec. Pathologie der Hausthiere ”). 
Waelsch inoculated Imman individuals with favus-fungi, which he had cultivated from 
mice affected with fuvus, and obtained typical favus scutularis. 

Intravenous injections of favus-fungi into rabbits (Bukovsky) produced in the 
lungs of these animals a form of pseudotuberculosis: and cellular nodules are found in 
which fungus threads have developed in a manner suggesting the lesions of actinomy- 
cosis. After a time the fungi die. 

In invertebrate anlmals tlıere not infrequently occur diseases produced by my- 
celium-fungi. Thus Svtrytis Bassiani causes the so-called muscardine in silkworms; 
Cordyceps militaris destroys the injurious pine-spider Gastropachia pini; Tartchium 
megaspermum, a black-colored fungus, kills the destructive earth-caterpillar Agrotis 
segetum. Fungi belonging to the family Zmpusa attack especially the caterpillars of 
the cabbage-butterfly (Empusa radicans), and the house-fly (Zmpusa musce). their 
mycelia growing all through the caterpillar and finally kil ing it. Achyla prolifera, 
according to Harz (Jahresber. d. Münchener Thierarzneischule, 1882-88), grows through 
the musculature of crayfish, and is the cause of the craytish-pest. 
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CHAPTER XII. 


The Animal Parasites and the Diseases Produced by 
Them. 


I. Protozoa. 


§ 180. Of the Protozoa occurring as parasites in man, only a smal! 
number was known up to a few years ago; and even the known forms 
possessed but slight significance, since there could be ascribed to them 
no marked influence upon the tissues. 
Through the investigations of the last few 
years, however, different forms have been 
recognized as the cause of morbid proc- 
esses; and it is quite possible that there 
are still other protozoa capable of exciting 
pathological changes in the human body. 

| The forms already recognized are repre- 
Rete: 613. Amarba coll mills. (After sentatives of all four classes of protozoa. 
cysted amoebae, x 500. Of the Rhizopoda there occur in the in- 
testine three amab&, known as the Amaba 
coli vulgaris, the Ameba coli mitis (Roos, Quincke), and the Ameba dys- 
enterie (Kartulis, Osler, Councilman, Lafleur, Kruse, Pasquale). The 
Ameeba dysenterie is certainly distinguishable from the other two, 
while the Amceba coli vulgaris and the Amceba coli mitis resemble each 
other very closely, and may possibly be identical. 

The Ameba coli vulgaris is a harmless intestinal parasite which is 
not infrequently present in the intestine (Roos, Kruse, Pasquale). The 
Ameba coli mitis was observed by Roos and Quincke in eases of chronic 
enteritis in patients who had always lived in North Germany. 

The Amceba coli mitis consists, according to Roos, of a protoplasmic 
cell-body, from 25-35 » in diameter (in the spherical condition). It ex- 
hibits slow movements, and very frequently encloses foreign bodies, for 
example, bacteria and food-remains (Fig. 513, a). Besides the motile 
form, there occur, according to Roos, also encysted, spherical forms 
which are surrounded by a double-contoured membrane, and enclose 
clear, round vesicles in their interior (Fig. 512, 6). When fed to ani- 
mals (cats) no pathogenic properties are disclosed. 

The Ameba dysenteriz (identical with the Amceba coli described by 
Loesch) has a diameter, according to Roos, of from 15-25%, but accord- 
ing to Kruse and Pasquale, from 10-50. In the cell-body there may 
be recognized a homogeneous ectoplasm and a variable granular ento- 
plasm, the arrangement of which varies according to the form of the 
animal (Fig. 514, a). By’staining, a nucleus may be made visible within 
the cell. The cells are capable of active movement, and assume thereby 
the most varied shapes (d). They very often contain foreign bodies, 
particularly red blood-cells or remains of such (5), or are studded with 
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clear vacuoles (c). According to Roos, they may also become en- 
cysted (e). 





According to investigations by Koch, Kartulis, Kruse, and Pasquale, 

they are invariably present in the dysentery prevailing in Egypt, and 

are usually also demonstrable 

in the dejecta. They have 

also been observed in cases of @ ® ‘@ ° 

dysentery in Russia (Loesch, . 

Massiutin), in America (Os- 

ler, Councilman, Lafleur, Lutz, 

Dock), in Germany (Roos), 

and in Austria (Kovacs). Ac- 

cording to investigations by a6 Gs 2 

Kartulis, Couneilman, La- 

Pascnale, and other, At can: (A wenn a lee 
asquale, and others, it can- Ama 

not be doubted that they are Somiunk Modi cucu wi ange varie I er 

of some significance in the 

origin of certain forms of dysentery. It is only questionable whether 

they alone, or only with the aid of changes produced by bacteria, are 

able to bring about pathological changes. In support of the latter 

theory is the fact that, when present in the tissues, they are always ac- 

companied by bacteria. 

Amebic dysentery is characterized by the occurrence of a hsmor- 
rhagic catarrh, and by the formation of circumscribed ulcers with under- 
mined edges. The amcebe (Councilman, Lafleur, Roos, Kruse, Pas- 
quale) increase not only in the intestinal mucosa, but also penetrate into 
the mucosa and submucosa, and there form large colonies, in the region 
of which the tissue undergoes necrosis without the formation of any large 
amount of exudate. By the rupture of the submucosal foci through the 
mucosa there are formed ulcers with undermined 
edges, which, gradually increasing in size, may attain 
large dimensions. 

If abscesses of the liver arise during the course of an 
amoebic dysentery, these may also contain the ameebe 
in addition to bacteria; and it may be assumed that 
the former also take part in the destruction of the 
liver tissue. 

The amabe of dysentery are pathogenic for cats, and, 
when fed to them or when introduced into the rectum 
of the animal, cause a rapidly progressive, often fatal 
dysentery, which is similar in all respects to amebic 

ae dysentery in man. The amebs also penetrate into 
lat“ the mucosa and submucosa of these animals. 
coli, with wo contra Of the Infusoria, both flagellated and ciliated forms 
Claus.) a, Mouth; b, occur in man. Of the latter form the best known is 
sant grains tet the Paramecium or Balantidium coli (Fig. 515). 
aim body In the Esty This is a large infusorium thickly set with eilie, 
magnification, which has been demonstrated many times in the large 
intestine and in the dejecta in cases of diarrhea, and 
may stand in a causal relation to the intestinal catarrh. Of the flagel- 
late infusoria, there may be mentioned first the Cercomonas intesti- 
nalis (Fig. 516), a pear-shaped form having a spinous process at its 
pointed end, and a flagellum at its blunt end. It has also been found 
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in the intestine in catarrhal conditions, and in cholera and typhoid 
cases. According to Bütschli and Perroncito it is identical with Mega- 
stoma entericum of Grassi and Megastoma intestinale of Blanchard, and 
is in part passed off in the faces in an encysted form (Perroncito), 


EN 


Fig. 516.—Cercomonas intesti- Fic. 517.—Trichomonas vagin- Fie. 514.—Trichomonas intes- 
nalis. (After Davaine.) alis. (After Kölliker.) tinalie. (After Zenker.) 





particularly when no diarrhcea is present. It occurs also in mice, rats, 
cats, dogs, sheep, and rabbits (Grassi), and attaches itself firmly to the 
surface of the intestinal epithelium. 

Kannenberg found a cercomonas in the sputum in a case of lung-gan- 
grene. Inassociation with it there was also found Monas lens, a spherical 
infusorium with a flagellum. Strong reports a similar finding. 

Of the genus Trichomonas an oval infusorium furnished with many 
flagella and acomb-like unduiating fringe along its entire length, one spe- 
cies, Trichomonas vaginalis, occurs in the vagina (Fig. 517), and an- 
other, Trichomonas intestinalis, in the intestine (Fig. 518). 

Marchand found trichomonads with four thread-shaped flagella and 
an undulating membrane in the urine of aman. These were probably 
identical with Trichomonas vaginalis, which also possesses four flagella. 
Miura reports a similar observation. Grimm saw flagellated infusoria 
in abscesses of the liver and lung. Lindner found ciliated infusoria in 
the crusts of an itching eczema of the scalp. 


Löwit, on the ground of a thorough investigation, is of the opinion that leukeemila 
is an infectious disease caused by protozoa; and describes as the cause of the same, two 
parasites, a hemameaba leukeemis magna and a hemameba leukemile parva (or 
vorax), the first of which occurs in myclogenous leukemia, the latter in the lymphog- 
enous variety. His opinion is supported by the histological examination of the leu- 
ktemic blood and of the organs changed by the disease, and he succeeded through the 
aid of special staining methods in demonstrating the presence in and upon the white 
blood-corpuscles of small granule-like and large amaba-like bodies, as well as sickle-, 
spindle-, and crescent-shaped structures, and segmented bodies in the morula stage. 
Flagella were also observed. Zöteit studied these appearances most thoroughly in a 
case of myelwwmia; and was able through injections of blood or of pulp made from por- 
tions of organs, into the jugular vein of the rabbits (the injections being directed toward 
the brain), to produce a diseased condition, and to find in the blood of the inoculated 
animal the structures in question, also flagellated forms. Fürst has explained the ap- 
pearances described by Zörrit as being nothing more than artefacts, and regards them as 
distorted, swollen, washed-out, and macerated mast-cell granules. Zötwit holds to his 
view in spite of this attack, and supports himself chiefly by the fact that his hemamabs 
show a specific staining reacticn with watery thionin and iodine, which the mast-cell 
granulations and similar elements do not possess; and further, that the hemameebe are 
found in cells without granulation as well as those with granulation, that they show 
characteristic sickle-, whip-, and flagellate-forms, and form bodies even as large as 10 « 
in diameter, and finally, that they do not occur in normal blood. 

Recently Zörit has reported observations on the spore-like resisting forms of hee- 
mamoba leukzmix magna, which he had seen in the blood-forming organs of a case of 
myelemia. The earlier described flagellate-forms of the parasite seen in infected rab- 
bits he interprets as forms standing in relation to the sexual reproduction of the hema- 
meebr, since the amab and flagellated forms unite with each other. In man the para- 
site is said to reproduce chiefly by schizogony, in rabbits by sporogony (cf. reproduc- 
tion of coccidia and malarial plasmodia, SS 181, 182). To the parasites of lymphemia, 
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which, according to his Jatest publication, he finds in the nuclei of the white blood- 
cells, he gives the name Hamameba leukemia parca intranuclearis. He finds these nu- 
cleoloid bodies also in pseudoleuksemia, most abundantly in the spleen, to a less extent 
in the lymph-glands. 

Ilensen found infusoria with one to three flagella in the stomach-contents of a case 
of gastric cancer. Jacoby and Schaudinn describe two ciliated infusoria obtained from 
the intestinal contents of a man suffering with diarrhoea; to these Schaudinn gave the 
names Aulantidium monatum and “Nyctothervs faba, 

Von Leyden and Schaudinn (“Leydenia gemmipara,” Sitzber. d. K. Akad. d. Wiss., 
Berlin, 1896) found, in the fluid of two cases of uscites occurring in malignant disease of 
the abdomen, an amaba, which consisted of colorless gelatinous cells, which put out 
pseudopodia, and showed a hyaline entoplasm and a granular ectoplasm. They were 
found chiefly lying together in groups. 

Protozoa belonging to the 
of animals. In 1875 














and frogs. In 1894 Bruce discovered that the tectse disease (fly disease, nagana) which 
occurs in Zululand and affects the cattle, horses, asses, and dogs of South Africa, is due 


8-204 long, 2-84 broad. possesses at its posterior end a beak-like process (Fig. 619, A) 
rane (c). 


ita rise at the posterior end of the animal from a rod-shaped body (8) lying upon the 
protoplasm-body. Aubinowitsch and Kempner regard this rod-shaped body, which 
stains similarly to the nucleus, as a constituent of the nucleus separated in apace from 
the vesicular chromatin-framework, and designate it the nucleolus. Likewise, Plim- 





Fi. 519. Trypanosoma (herpetomonas) sanguinis murium in different stages of development. 
«After A. von Waslelewskt.) A. Fully developed parasite with nucleus (a), rod-shaped body (b), undulas- 
tng membrane (c), and flagellum (c); B, parasite with two nuclel and one rod-shaped body: C, parasite 
with one nucleus and two rod-shaped bodies: D, division into two parasites; E, parasite with four nuciel 
and four flagella; F, daughter-individuals united into a colony. > 1,500. 


mer and Bradford distinguish a macronucleus and a micronucleus; but according to von 
Wanielerakié the structure does not lie in the cell-plasma, but in the periplastem, from 
which the flagellum and undulating membrane also proceed. 

As Rahinowitsch and Kempner have shown, the development and multiplication of 
the parasite can best be followed through the intraperitoneal inoculation of healthy 
white and spotted rats, an increase of the parasite thereby taking place, partly in the 
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peritoneal cavity and partly in the blood. According to the reports of these observers, 
multiplication takes place partly through the longitudinal and transverse division of 
flagellated individuals, and partly through the segmentation of larger forms having no 
flagella, the division of the cell being introduced by the division of the nucleus desig- 
nated by them as the chromatin framework, while new nucleoli are constricted off from 
the chromatin mass. According to von Wasieleirski, the nucleus (B) sometimes divides 
first, at other times the rod-shaped flagellum-root (C); and the cells divide sometimes 
when containing two nuclei (D), at other times only after the formation of several nuclei 
and flagellum-roots (Z, F), so that the flagellates during the process of constriction re- 
main united together in a colony for some length of time. 

Plimmer and Bradford claim to have seen in the case of Trypanosoma Brucit also 
conjugation processes with subsequent division; but this has not been confirmed by 
other investigators. 

The try panosomata of marmots, cattle, horses, birds, and fishes are similar to the 
try panosoma of the rat, but according to Rabinowitsch and Kempner are separate species, 
and the animals named are not susceptible to the trypanosoma of the rat. The trypa- 
nosoma of rat’s blood has a pointed posterior end, the Trypanosoma Brucii which causes 
the tsetse disease has a blunt conical posterior end. The trypanosoma of the surra-dis- 
ease of India is probably identical with the latter. 

According to experimental investigations by Rabinowitsch and Kempner, the infec- 
tion of rats is brought about through the bite of diseased rats or by means of fleas; an 
infection through the intestine does not take place. 
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$ 181. Of the Sporozoa occurring as parasites in man and in the 
mammals, the coccidia are to be mentioned first. In their young state 
they exist as non-encapsulated inhabitants of epithelial cells, partieularly 
in those of the intestinal canal and its adnexa, the liver especially, and 





Fi. 520.—Section through the wall of a dilated bile-duct, fled with coccidia and lined with papillary 
proliferations. From a rabbit's liver that was studded with coccidia nodules (Miller's fluid, hematoxylin, 
seein). a, Connective tissue; b, branching papillary proliferations covered with eplihellum ; c. cocctdis: 
x 





more rarely in those of the organs of excretion. Some of the mature 
forms surround themselves with a capsule and become changed into 
round or oval permanent cysts or oöcysts (Schaudinn), which leave their 
ing-place and usually also their host, and under certain conditions 
ickle-shaped sporozoites through the repeated division of their 
cell body (sporogony). Through the taking-up of sporozoite-containing 
oöeysts into a new host there is produced an infection of the latter, in 
that the sporozoites are set free and seek out epithelial cells for their 
further development. 

Besides this form of multiplication there occurs within the infected 
organ also a repreduction by schizogony—that is, there are developed 
from mature but non-encysted individuals, by means of segmentation, 


a large number of new sickle-shaped individ. 
e26@ 








uals, the so-called merozoites, which seek out 
y 0 0 


epithelial cells, and develop further in the 
|.—Coceidia from the biliary 


same. 
Coccidium oviforme (Fig. 521) isa para- 
site of the intestine and biliary passages, 
duct of the rabbit's liver (Fig. 5), 
showing different stages of develop” 
ment (Miller's Auid, hematoxylin). 


occurring especially in rabbits. Künstler 
a, b, Small, coarsely granular young 


Fig. 521 





forms; ¢, d, large forms with darkly. 
staining peripheral granules: ¢. f. 9, 
h, oval, encapsulated forms, the pro- 






y 
granular and partly fine—fills up only 
a portion of the capsule. > 400. 


and Pitres found similar coccidia in man in 
a pleuritic exudate. Podwyssozki claims to 
have observed them in the human liver. 

In the liver of rabbits the invasion of 
coccidia leads to the formation of white 
nodules which may reach the size of a hazel- 
nut, and are designated as coccidia-nodulex. 
These nodules contain a soft, white, or yel- 
lowish-white mass, and consist essentially of 
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vestigations of R. Pfeiffer, Simond, Léger, Schaudinn, Schuberg, Siedlecki, Schneider, von 
Wanielevski, Labbe, and others, Lühe has recently collected in an excellent manner the 
results of the more recent investigations concerning the sporozoa (Centralbl. f. Bakt., 
Ba. xxvii., xxvill.). 

According to his presentation, the reproduction of coccidla occurs partly through 
syorogony, partly through schizogony. The Arst method serves for the spreading of fa 
fection and the preservation of the species, the second increases the extent of the infec- 
tion within the infected host. Sporogony te closely connected with a previously occurring 


5. 





Fia. 525.-Cycle of development of Coccidium Schubergi. (After Schaudinn and Lühe). 
zolte (or merozoite) penetrating into an epithelial cell: #, mononuclear schizont in an epitnelial cel 
multinuclear schizont ; 4, di of the (schizogor ; 5, mi 
mete (female cell) arising from a merozoite; 6, fully developed macrogamete surrounded by extruc 
chromatin granules: ıicrogametocyte (male cell) arising from a merozoite : 6a, microgametocyte sur- 
rounded by loosened microgametes ; 7, fertilization of the macrogametes by microgametes ; 
4s, young, obeysia: 9, odeyata with sporoblasta; 10, oOcysts with sporocyata each containing (Wo sporo- 
zoltes : 11, sporozolte. 











copulation which in its course suggests the fertilization of the egg of the metazoa. 
‘An alternation of generations also takes place. 

The development and reproduction take place in the following manner: Tn sehiz- 
ogony the sickle-shaped germ (Fig. 525, 1) arlsing as a sporozoite or merozoite develops 
within an epithelial cell into a schizont (2) in which there soon takes place a multiplica- 
tion of the nucleus (3). There then results (on the second day after the over-feeding of 
sporocysts) a formation of merozoites (4) corresponding in number to the nuclei, and a 
residual body which is left behind after the segmentation. 

The merozoites again seek epithelial cells, and the same development begins anew. 
If the affected organ, as the result of these processes, becomes overcrowded with para- 
sites, there arc then formed sexual individuals (Schaudinn). Some of the merozoites 
grow into large cells, the macrogumetes (5, 6) or female cells, which when mature throw 
Off a portion of their chromatin-substance (6), and either remain naked or surround 
themselves with a capsule, which is provided with a micropyle. At the same time 
other merozoites develop into the male sexual cells or microgametocytes (5a, 6a), the 
nuclei of which divide into many daughter-nuclei. The latter approach the surface of 
the cell, and, surrounded by a certain amount of protoplasm, are constricted off, (6a) 
and then represent the microgametes (corresponding to the spermatozoa of the higher 
animals). The copulation of the microgametes with the macrogametes takes place in a 
manner similar to that of the fertilization of the metazoan egg, In that the microgamete 

enetrates the encapsulated form of macrogamete through the micropyle, and the naked 
form through a certaiu point which pushes itself outward to form a prominence (7), the 
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conceptional protuberance. Sporogony follows the fertilization—that is, the odcyst (8) 
is formed, in which, through the division of the nucleus and protoplasm there arise 
four sporoblasts (9), each of which later produces two sickle-shaped sporozottes (10). 

Sarcosporidia have been observed in mammals (Rosenberg reports the finding of 
sarcosporidia in the heart-muscle of a European, Kartulis a similar finding in the ab- 
dominal muscles of a Sudanese), birds, and reptiles. Their life-history is not yet ade- 
quately known; and at the present time (Lihe) a classification of the sarcosporidia can- 
not be given. 

Numerous authors hold the view that other local pathological conditions of the 
tissues in man than those described above may be referred to sporozoa, particularly car- 
cinoma, Darier’s disease, Paget's disease, peculiar diseases of the urinary passages, etc. 
It may, however, be remarked that this assumption in part is based upon error, and in 
part has not been absolutely proved by the investigations which have been made up to 
the present time. 

So far as carcinoma is concerned, in spite of the great number of works on the sub- 
ject, so numerous indeed that they can scarcely he perused (cf. § 122), no proof has yet 

een given that protozoa, coccidia in particular, are present within the epithelial pro- 
liferation and are to be regarded as the cause of the same. All the appearances 
described as occurring in carcinoma cells, even the sickle-shaped formations which have 
been thought to be convincing and those provided with a sort of capsule, may be other- 
wise interpreted, and may be explained in part as changed nuclei, in part as altered 
protoplasm of the cancer-cells, in part as cell excretions, and finally in part as a product 
of cell-fusion or of the taking up of leucocytes by the cancer cells. 

The disease described by Darier as psorospermose folliculaire régétante, and referred 
by him to the presence of sporozoa, is very probably only an inflammatory affection of 
the skin characterized by a pathological cornification (keratosis follicularis of von 
Withe), in which little horny plugs and pegs are developed successively in the epithe- 
lfum of certain parts of the body, while the cutis shows slight inflammatory changes. 
According to Buzzt, Miethke, Rieck, Krösing, Petersen, and others, the “corps ronds,” 
described by Darier as parasites, contain kerotohyalin and eleidin, substances which are 
present in cornified cells but not in gregarine. 

Paget's disease is an affection spreading from the nipple, beginning with an eczema- 
like inflammation, and leading to superficial ulceration, and finally ending in a carci- 
nomatous infiltration of the skin. It has been referred by Darter, Wieckham, Malassez, 
and others to the presence of a parasitic sporozoon in the epithelial cells; but is, how- 
ever, either an eczema arising from other causes, and finally leading to cancer, or else 
is a primary cancer accompanied by inflammatory processes (Zhrhardt), in which pecul- 
iar changes take place in the epidermis, particularly swelling of the protoplasm and 
nuclei, with formation of vacuoles, and further proliferative changes, the peculiar ap- 
pearances of which might be mistaken for parasites. 

Pisenti, Silcock, Eve, Bland Sutton, and Jackson Clarke have pointed out the possi- 
bility that the cysts occurring in the descending urinary passages in ureterttes cystica 
are of parasitic origin. ubarsch and Aschoff have opposed this view; con Kuhlden has 
upheld it. 

According to Kess and Guillebeau, coccidia may occasion in young cattle diseases of 
the intestine resembling dysentery. 

Guarniert (“ Ric. sulla patogenesi ed etiol. dell’ infez. vaccinica e variolosa,” Arch. 
per le Sc. Med., xvi., 1892; “Ulter. ric. sulla etiol. dell’ infez. vaccinica,” Pisa, 1896), 
L. Pfeiffer (“ Die Protozoen als Krankheitserreger,” Jena, 1895; “ Vaccine-contagium,” 
Zeitschr. f. Ilyg., 23 Bd., 1896), &. Pfeiffer (“ Züchtung des Vaccine-erregers,” Centraldl. 
f. Bakt., xviii., 1895), and others (cf. Wasielewski, “ Zelleinschlüsse bei Vaccineimpf- 
ungen,” Centralbl. f. Bakt., xxi., 1897) consider the small, easily stained bodies, sur- 
rounded by a clear zone, which are found in the epithelium in the early stages of 
variola and vaccinia, to be protozoa. Guarniert has designated the supposed parasite 
as Cytoryctes vaccine. The parasitic nature of these bodies has not yet been demon- 
strated. After Salmon (“ Parasites de la vaccine et de la variole,” Ann. de U’ Inst. Pas- 
teur, 1897) had spoken against such a view, Hückel (“Die Vaccinekörperchen,” Beit. 
ton Ziegler, ii., Supplh., Jena, 1898) proved, through exact and carefully conducted 
investigations, that in vaccinia at the point of inoculation into the cornea certain por- 
tions of the epithelial cells undergo especial disease changes, and that from their proto- 
plasm there arise those peculiar structures which have been mistaken for parasites. 
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8 182. Through the investigations of Laveran, Marchiafava, Celli, 
Golgi, and others it has been demonstrated beyond doubt that malaria is 
caused by parasites belonging to the Protistz, which are usually classed 
together under the name Plasmodium malarie (introduced by Mar- 
chiafava and Celli). They are also frequently designated hsemosporidia. 
The parasites are found in the blood of malarial patients in different 
forms, usually enclosed in cells; and, according to the observations of 
Golgi, Celli, Marchiafava, and others, a definite relation can be demon- 
strated between the number and the stage of the development of the 
parasite and the attacks of fever. The parasites pass through different 
stages of development in the interval between the attacks of fever, these - 
stages, according to the authors mentioned, differing in febris quartana, 
febris tertiana, and febris quotidiana. At the same time the parasites of 
the different forms of fever exhibit certain differences in their physio- 
logical characteristics. Supported by these facts, there may therefore be 
distinguished in man different species of the malarial plasmodium. In 
its narrower sense the designation Plasmodium malarie is used only with 
reference to the parasites of quartan and vernal tertian fevers. The para- 
site of stivo-autumnal or pernicious malarial fever, because of its active 
movements, is called Plasmodium vivax (Grassi and Feletti) ; that of quoti- 
dian fever, which also oceurs in the autumn, is designated Plasmodium 
praecox. 

The development and increase of the plasmodia take place within the 
red blood-corpuseles, in which, first of all, small, colorless amceboid 
bodies (Fig. 526, a) appear. In quartan fever the further development 
of the parasite proceeds by an enlargement of the small amceboid forms 
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(Fig. 526, a, b, c, d, e), so that the red cell becomes more and more filled 
up by the parasite. At the same time pigment-granules, which are 





F1G. 526.—Plasmodium malaria o of quartan fever. io different stages of development. (After A 
a, Red bloud-cell with a small non-pigmented ıb, c,d,e, , pigmen ae of varying 
size, inside the red blood-cells; f, plasmodium in ennings segmentation, w h centrally placed pigment: 

g. segmented plasinodium ; h, plasmodium € divided into separate spherules; ft, k, two: erently-shaped, 
free plasmodia (sexual individuals). 


formed from the substance of the red cell, appear within the bodies of 
the plasmodia. When the plasmodia have attained a certain size, the 
pigment-granules move toward the centre, while at the same time a 
radiating cleavage sets in, so that daisy-like figures (“rosettes”) (f, g) 
are formed, which consist of a pigmented centre and non-pigmented, ra- 
diating club-shaped petals. Later the clubs become detached from the 
central mass of pigment and take on a circular form (A). 

According to Golgi the development and division of the plasmodia of 
quartan fever require three days for their completion, and the attacks 
of fever coincide with the division of the plasmodia. The red cells occu- 
pied by the parasites are destroyed; the young plasmodia just formed by 
division penetrate again into blood-corpuscles, and the cycle of develop- 
ment begins anew. The pigment-granules formed by the plasmodia are 
taken out of the circulating blood partly free and partly enclosed in cells, 
and deposited in different organs, particularly iu the spleen, liver, and 
bone-marrow. 

In _febris tertiana (vernal tertian) the cycle of development is completed 
in two days (Golgi). The plasmodia developing within the red cells 
(Fig. 527, a-d) show much 
livelier motion and lead much 
more quickly to a decoloriza- 
tion of the red blood-corpus- 
cles than those of quartan 
fever, so that the red cells be- 
come decolorized on the first 
day after the fever, while the 
plasmodia are stillsmall. The 
protoplasm of the plasmodia of 
tertian fever is also more del- 
icate and less sharply con- 
toured and the pigment-gran- Fig. 5%7.— Plasmodium malarice of a vernal tertia 





. .a, show different stages of development. (After Gol ) 

ulesaresmaller. In its division First. stages of de velopment ; bee nlarged plasmod a) 
: . . with pe ae ia: lasmodia ‘before « rulation, the md 
each plasmodium splits up 1n- ell ze e. sporulation. f. free parasite 


to from fifteen to twenty new with Oagellum (microgametocyte). 

cells (e), while the parasite of 

quartan fever forms only from six to twelve. Finally, the red blood- 
cells in quartan fever are mostly crenated, while in tertian fever they 


694 THE ANIMAL PARASITES. 


retain their shape. According to Celli and Marchiafava, sporulation 
not infrequently occurs prematurely, from five to ten spores arising 
within a red corpuscle. 

The parasite of @stivo-autumnal or pernicious malaria differs from the 
hemosporidia of the vernal fevers, particularly in the fact that it is much 
smaller (Fig. 528, a, db, c, d) and executes lively movements within the 
red cells. It completes its life-cycle in forty-eight hours. During the 
stage of multiplication the parasite collects in the internal organs, so 
that the division-figures (d) must be sought in the spleen, liver, bone- 
marrow, and brain (where they are present in great numbers). Some of 
the infected red cells become crenated and prickly, and of a brassy color 
(Marchiafava, Celli); they die prematurely, and blood-cells, which con- 
tain no parasites, are also destroyed. The attacks of fever ean in the 
case of autumnal tertian fever become so prolonged that they pass into 
one another, and the condition thereby assumes the character of a sub- 
continuous or continuous fever. 

The parasite of the true &stivo-autumnal quotidian fever is still smaller 
than that of the autunınal tertian, completes its development in twenty- 
four hours, and produces but little pigment. According to Marchiafava 
and Celli there also occurs a quotidian parasite very similar to the latter, 
but producing no pigment at all. 

According to Celli, Marchiafava, and Bignami, nuclear bodies may be 
demonstrated, during certain stages of development, in the protoplasm 
of all the endoglobular forms of malarial hematozoa. According to 
Ziemann, in sporwation there first occurs a division of the chromatin into 
small clumps, and then later the division of the cell-body, so that every 
clump of chromatin is surrounded by a zone of protoplasm. 

Besides the forms of development already described which lead to an 
intracellular increase of the plasmodia through schizogony, there occur 
particularly extraglobular, in part also endoglobular, round and oval, 
sickle- or crescent-shaped structures (Figs. 526, i, k ; 528, e, f), as well 
as round bodies with flagella (Figs. 527, f; 528, g), which also contain 
a nucleus and pigment. The crescent forms occur particularly in the 
pernicious (s»stivo-autumnal 
tertian) fever (Fig. 528, e, f ). 
Celli regards them as a diag- 
nostic feature of this form of 
fever; and Ziemann also holds 
that typical crescents are not. 
formed in the other varieties 
of malaria. 

The last-named forms La- 
veran had already described 
as structures belonging to the 
Ä cycle of development of the 
a dom.  Plasmodia, while Golgi, Can- 
felice.) a, First stages of development; b, plasmodia with alis, Celli, Marchiafava, Big- 
mertatlon: a sporulation c. intragiobular crescent, nami, Bastianelli, Ziemann, 
f, 9, free plasmodia (sexual cells). and others regarded them as 

sterile vegetation - forms. 
First through the investigations of Manson, Bignami, Ross, and Mac- 
Callum, to which were later added those of Grassi, Bastianelli, Bignami, 
Celli, Laveran, Koch, Schaudinn, and others, it was shown that the 
crescents, the oval bodies, the spherical bodies, or spheres, as well as the 
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Slagellated bodies known as polymitus, are intended for the reproduction of 
the parasites by copulation. The flagella-producing hyaline spheres aris- 
ing from the crescents are male serual individuals or microgametocytes, 
and the flagella developing from them, in whose formation the chro- 





Fra. 529, Fig. 530. 


in, 529 —Anpheles claviger. (After Metgen, Ine. cit.) x4. ‘To the right wing at higher mag- 
nificati 


Fig. 530,—O0kinete of human pernicious malaria (zstlvo-autumnal tertian) in the intestinal wall of a 
mosquito. {After Grassl.) 


matin of the cell takes an essential part (Sacharoff), have the signifi- 
cance of seminal cells, spermatozoa, OT microgametes ; while the non-flag- 
ellated spheres arising from the granular crescents have the significance 
of female sexual cells or macrogametes. The crescents leading to the for- 
mation of the sexual cells appear only after the infection has lasted for 
several days. In the chronic cachexia following malaria the forms lead- 
ing to schizogony are absent, and the crescents alone are present. 

The copulation of the malarial parasites of man takes place normally in 
the stomach of the mosquito, in different species of Anopheles (Fig. 529), 
which take up the malarial parasites during the sucking of blood from 
malarial patients. 

The copula arising from the union of the macrogamete and micro- 
gamete is designated oökinete (Schaudinn), a long, motile structure 
(described earlier as vermiculus by Danielewsky) which penetrates into 
the stomach-wall of the mosquito (Fig. 530), where through the forma- 
tion of a capsule it becomes the oécyst. The latter then enlarges, and 
forms numerous daughter-nuclei, and then sporoblasts, which break up 
into the sporozoites (Fig. 531) and the residual body. 

The sporozoites, which are formed in enormous numbers, pass into 
the body-cavity after the rupture of the oöcyst, and collect principally 
in the salivary glands, and through the bite of the infected mosquito are 
n transmitted to man, in whose blood they multiply within the red 
blood-cells through schizogony. 

The pathogenie significance of the malarial plasmodia rests in the first 
place upon the destruction of red blood-cells. In the pernicious form 
this may be so extensive that hemoglobinuria may take place. The 
melanotie pigment formed in the parasite is a product of the vital activ- 
ity of the parasites. In addition, as the result of the destruction of 
hemoglobin, there occur deposits of hemosiderin in the bone-marrow, 
spleen, liver, and occasionally also in the kidneys. The massing of the - 
parasites of pernicious malaria in the cerebral capillaries may cause cir- 
culatory disturbances with the occurrence of numerous hemorrhages, 
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and consequent severe cerebral symptoms (perniciosa comatosa, soporosa, 
apoplectica, meningitica). 

As the result of the retention of pigment-containing malarial parasites 
and the deposit of the products of blood-destruction, there occurs a 

marked swelling of the spleen associ- 
ated with hyperemia, followed in part 
by tissue-degenerations and in part by 
tissue-proliferations. 

After a long duration of the process 
the spleen may become markedly en- 
larged, pigmented, and greatly changed 
in structure. Likewise, in the liver 
there may be found in part degenera- 
tions and pigmentations, and in part 
also indurative proliferations. 

Certain varieties of the plasmodium 
correspond to the individual types of 
fever, as given above, but it must be 
noted that the fever-forms known as 
s3-—086 Icons quotidian, subeontinnons, and continu- 
Fig. 531.- -yst of human perni m- ous (“comitata”), may also arise through 
a Cater Graaty ed Wi the Coons ie the blood of different 

generations of the plasmodia of tertian 
or quartan fevers, 80 that daily a portion of the parasites comes to sporu- 
lation. In this way there arise quotidian forms of fever, which must be 
regarded as a double tertian infection (quotidiana triquartanaria). 

It is not yet determined whether the malarial parasites produce tox- 
ins; such production has been many times assumed, but never demon- 
strated. The recurrences of malarial fever weeks and months after the 
original infection likewise cannot be explained. The assumption of Golgi 
that the crescents, which may be found in the circulating blood during 
the interval, aid in the production of the recurrence, is opposed by others 
(Celli). According to Plehn basophile granules are found in the red 
cells as long as the infection lasts; when it ceases they disappear. 

The malaria occurring in northern countries corresponds in general 
to the vernal forms of Italy, while the estivo-autumnal form is found in 
the tropics. 





Heemosporidia—that is, sporozoa which live at the cost of the red blood-cells, and 
thereby produce diseases which are to be classed with malaria—occur very frequently 
In animals. Those of birds are best known (Danileweky, MacCallum, Ross, Grassi, 
Dionisi, Ceili), and the life-cycles of the hemosporidia of the pigeon, ow], and skylark 
have been determined. Jurbbe distinguishes two genera in birds, Halteridium and Pro- 
teosoma.( Hemoproteus of Kruse); as to the number of undifferentiated species, nothin 
can be said at the present time. Celli obtained from the birds mentioned three well- 
defined species. 

Of the Mammalia, cattle in particular suffer in different countries (Southern States 
of North America, Italy, South Africa, Roumania) from a malaria characterized by 
high fever and hemoglobinuria, In the malaria of cattle known as Tezas.ferer, Smith 
and Kilourne found in the red blood-cells a small, often pear-shaped, and paired para- 
site (Piroplasma bigeminum), whose pathogenic significance they determined through 
the inoculation of healthy cattle with blood containing the parasites. They showed 
further that the natural infection takes place through parasitic ticks living upon the 
cattle, the infection being transmitted, not by the same tick which takes up the infected 
blood, but only through the generation descending from the same. This mode of in- 
fection was confirmed by Koch in the hemoglobinuria of cattle occurring in German 
East Africa and by Grassi in that occurring in cattle in Italy. "The mode of develop- 
ment of the piroplasma in the body of the tick is still unknown; and it therefore cannot 
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be decided whether the parasite should be classed with the known malaria parasites. 
Against a near relationship with the latter speaks the fact (Like) that it increases within 
the red blood-cells by a repeated simple division. According to Kolle, there occurs in 
South Africa, besides Texas-fever, another malarial disease of cattle (Fedris malaria- 
formis), which is caused by a similar endoglobular parasite. 

According to Bonome and Cells hemosporidia also cause malaria in sheep and lambs, 
according to tana and Galli- Valerio also in dogs, according to Koch and Aossel also in 
apes, and according to Dionisi in bats; but the life-history of all these parasites is 
unknown. 

Danilewsky and Cellé have described hemosporidia in the frog, and the latter ob- 
server determined also the development of the parasite in the blood. 

Whether the malarial parasites of man can be transmitted to animals, or whether 
the malaria of animals can lead to an infection of man through the medium of mos- 
quitos, is not decided with certainty, but appears improbable. The plasmodia of the 
bat most closely resemble those of man, yet attempts at inoculation made by Dionisi 
gave no positive results. It may therefore be assumed that malaria would die out in 
a given region, either when all susceptible anopheles were killed, or all infected human 
individuals healed or protected from mosquito bites. 

The malarial plasmodia are stained best by the Romanowski stain, which differen- 
tiates the nucleus. . 

The view that mosquitos were concerned in the distribution of malaria is very 
old. and has obtained in Italy since Romantimes. Hoch found it held as a popular belief 
also among negroes. In recent times Manson (1896) and Bignami (1896) were the first 
to turn theirattention to the problem and to give hypotheses concerning the röle played 
by mosquitos in the spread of malaria. Biynami carried out experiments along this 
line, but came to no positive result. Ross was the first (1897-98) to determine the cycle 
of development of the malarial plasmodium of birds (usually known as proteosoma). 
According to his investigations, the parasites taken up with the blood of the infected 
bird into the intestinal canal 
of mosquitos penetrate into 
the intestinal wall and there 
change into cysts in which in- 
numerable rod-shaped germs 
develop. Becoming free, 
these germs gain entrance in- 
to the salivary glands of the 
mosquitos, and thence into 
the organism of the bird dur- 
ing the act of blood-sucking. 
Ross found the parasites in 
the blood of the infected bird 
in from five to nine days after 
the infection. 

About the same time, 
Grass! found through pains- 
taking observations that the 
distribution of malaria in 
man corresponded to the dis- 
tribution of Anopheles clariger 
(Fubricius) (Fig. 529), and not 
to that of the common mos- 
quito (Culer pipiens). Basing 
his experiments upon this 
observation, Bignami suc- 
ceeded in producing malaria Fia. 532.—Cycle of development of Proteosoma. (After Schau- 
in healthy men by means of inn and Lühe.) 1, Sporozoite (or merozoite) within a red blood- 
the bite of anopheles. Later Somustle: # scbizont; 8, schizont with numerous nucel: 1 sch 
(rassi, in coöperation with arising from a merozoite; 6, fully developed macrogamete after ex- 
Bastianelli and Bignami, suc- _ {rusion of the karyosome ; 5a. microgametocyte (male cell) arising 
cecded in determining the microgameies (spermatozoa) ı 7, fertilization of the macroramete 
life cycle of the malarial par- 8,oökinete ; 9, oScysts with sporoblasts ; 10, oöcysts with sporozuites ; 
asite. It was then shown 11, free sporozoite. 
that several species of ano- 
pheles native in Italy (Anopheles clariger [ Fabricius] or Anopheles maculipennis [ Meigen), 
Anopheles superpictus, pseudopictus, bifurcatus) spread the malaria occurring in man, 
while Culer pipiens is the host of the parasites of bird-malaria. 

The cycle of development of the malaria plasmodium is as follows: Within the 
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blood (of man as well as of birds) the multiplication takes place first by schtzogony. 'The 
young form of the plasmodia, represented by a small, unpigmented body, grows within 
the red cells (Fig. 532, 7) into a larger body (2), in whose central portion pigment- 
granules collect. This cell-body known as schizont shows in preparation for schizogony 
an increase of nuclei (3), and then divides into a number (varying with the species) of 
spores or merozoites (4) With the abandonment of a pigmented residual body. The mero- 
zoites then seck a red blood-cell (7), and the cycle is again begun. 

In sporogony the merozoites develop into sexual individuals, macrogamotes (5) and 
microgametocytes (5a). When taken up into the stomach by blood-sucking mos- 
quitos, the sexual individuals become ripe for fertilization, the macrogamete by 
throwing off the karyosome (6), the microgametocyte through the formation of micro- 
gametes (6a). Copulation then follows (7). From the copula arises the motile odkinete 
(8), which in the wall of the mosquito’s intestine becomes the odcyst, in which through 
the division of the nucleus the sporoblasts (9) are formed, which in turn break up into 
a large number of sporozoites (10), which (17), becoming free, collect chiefly in the sali- 
vary glands, and are thence transferred by the bite of the mosquito to a new host, in 
whose blood they increase through schizogony (1-3). 

The larve of anopheles Five chiefly in slowly flowing water. The eggs of Anoph- 
eles clariger require about thirty days at 20°-25° C. for the development of the in- 
sects, and these in turn lay eggs when twenty days old. The pup@ are resistant to 
drying, to cold, and to contamination of the water. The mosquitos fly during the 
evening and night, but do not rise very high above the level of the earth, and do not 

o very far away from the place of development. According to Grassi, Bignami, and 

stianelli, the restivo-autumnal parasites will not develop in anopheles at a tempera- 

ture of 14°-15° C., and grow only slowly at 20°-29° C.; at 80° C. they complete their 
entire development up to the formation of sporozoites in about seven days. 

The literature concerning malarial parasites is extremely rich. The results of the 
latest investigations are given in the publications of Mannaberg, Nuttall, Celli, Marchi- 
afara, Bignami, and Lihe (see below). The last-named treats particularly of the ques- 
tion of the position of the malarial parasites in the zoological system and their relation 
to the other sporozoa, in particular to the coccidia. 
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Il. Vermes (Worms). 
A. PLATYHELMINTHES (FLAT-WORMS). 


1. Trematoda, Sucking Worms. 


§ 183. The Trematodes or sucking-worms are flat-worms of tongue or 
leaf shape. They possess a clinging apparatus in the form of ventral 
sucking-cups of varying number, and are sometimes furnished with hooks 
or clasp-like horny projections. The intestinal canal is without an anus, 
and is usually forked. The development takes place either by the direct 
growth to maturity of the embryos (méracidium) hatching from the eggs, 
or by the method of alternate generation through the formation of germs 
within the host. The miracidium, or ciliated embryo, penetrates into a 
snail or mussel, and there grows into a germ-sac (sporocyst), within which 
there later develops, either directly or after the formation of an inter- 
mediate generation of germ-sacs (redie), a swarming generation of cer- 
earie, Which are provided with rudder-like tails. These lose their tails 
and penetrate into a new host (mollusks, arthropods, fish, amphibia), 
become encapsulated, and attain sexual maturity as soon as they reach 
the final host. The germ-sacs which produce cercaris are designated 
primary germ-saes (“Ammen”); if they first form redise and then cer- 
earie, they are called secondary germ-sacs (“ Grossammen”’). 

Distoma hepaticuin, or liver-fluke, is a leaf-shaped sucking-worm 
about 28 min. long and 12 mm. broad (Fig. 533). The cephalic end 
projects like a beak, and bears a small sucking-cup, in which the mouth 
is placed. Close behind this, on the ventral surface, is a second sucking- 
cup, and between the two lies the sexual orifice. 

The uterus consists of a convoluted, globular sac behind the posterior 
sucking-cup. On each side of the hinder part of the body lie the yolk- 
sacs, and between the same are found the testicular canals, which branch 
many times. The forked intestinal tract (not visible in Fig. 533) is 
repeatedly branched. 

The eggs (Fig. 534) are oval, 0.13 mm. long and 0.08mm. broad. In 
water there develops an embryo, the miracidium (Fig. 535, A), with 
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When present only in small numbers, it causes no marked changes; but 
the presence of large numbers may excite inflammation and proliferation 
of the periportal connective tissue. 





Fig. 535.— Devel of the liver- uke, (After Leuckart.) A, Miracidiuin with germ-balls (a); B, 
sporocyst with germ-balls (a) and rediee (b): C, redia, with intestine (a) and germ-balls (b) ; DD, cercaria 
tb mouth (ai ubdonnloal sucklagcup (0) intestine Yes and wands (d), 


Distoma spathulatum (Fig. 537) is a sucking-worm occurring in 
man in Japan and China. It is 10-14 mm. long and 2.5-4 mm. broad. 
The eggs are 0.027-0.03 mm. long and 0.015-0.018 
mm. broad. The parasite inhabits usually the bile 
passages and the gall-bladder, but may also gain 
access to the pancreatic duct (Katsurada), and pass 
out into the intestine. When occurring in great 
numbers (Katsurada counted 4,361 in one case) it 
causes an obstruction to the outflow of the bile, and 
often excites a more or less severe inflammation and 
proliferation of connective tissue. 

The parasite is found also in cats and dogs 
(Katsurada). 

Distoma Westermanni (Kerbert), or Distoma 
pulmonale (Baelz) also occurs in Japan, China, and 
Corea, The worm is 7.5-10 mm. long, 5-7.5 mm. 
broad, egg-shaped, with slightly flattened ventral 
surface. The oval eggs are 0.09 mm. long and 
0.056 mm. broad. The internal organization (Fig. 
538) resembles that of the other trematodes. It 
occurs in man as well as in cats and dogs (Katsu- 
rada). It is found most frequently in-the lungs, 
but occurs also in other organs: the pleura, brain, 

Fic. 538.—Distoma lan. liver, intestinal wall, peritoneum, orbital cavity, 
So erie edt) eyelid, scrotum, ete. In each case it occupies 
and entrance Intothe forked small cavities surrounded by newly formed con- 
H nective tissue,and occurs occasionally in pairs. In 
the lung it may be found also in the bronchi, the 
walls of which show inflammatory changes (Katsu- 
rada). Its presence in the Jung may give rise to 
hemoptoé and cause death. The number of lung- 
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flukes may run from twenty to thirty or even higher. Healing of 
the disease is possible after death of the parasite. 

Distoma felineum (Rivolta) or Distoma sibirieum (Wins ne is 
a flat, almost transparent sucking-worm, of from 8-18 mm. in length and 
1.5-2.5 mm. broad, which is present in the bile-passages of the cat and 
dog, and in a few countries (Siberia) has been observed in man. Ac- 
eording to Winogradow it is the most common parasite in Tomsk. 
Askanazy recently observed a case in Kö: rg. - 

‘The inflammatory proliferations which different forms of distoma 
canse in the liver of man, as well as in animals, may be followed by the 
development of careinoma, 

In Distoma hematobium or Bilharzia hematobia (Fig. 539) the two 
sexes are separate. The mouth and ventral cups lie very close together 
on the tapering anterior extremity. In both sexes the sexual openings 
lie close behind the ventral sucking-cup. The male is 12-14 mm, long. 


Fa, Si, 


Fio. 2 Dama vipa, Later Katearada.) 9, Mouth auekiugcap; >, faestines €, aru 
a, zT 6 yolk-stalks; f, speru-pouch ; g, ovarkum. 

BR Distoma Westermannt, Ben en in the ventral position. (After Katsumda.) 
aay, Slow and abormipn sucking-cup reapectt ‚D, Autestinal: loops: ¢, testicles; d, ovarlum; ¢, 
yolk-stalks ; J, shell-gland ; g, ulerus; I, excretory vı potty xT2 


The body is flat, but in its posterior portion is rolled together to form a 
tube (Fig. 539) which serves for the reception of the female. 

The female is 16-19 mm. long and nearly cylindrical. The eggs are 
an elongated oval (Fig. 540), 0.12 mm. Jos and possess a terminal or 
a lateral spine. Aceording to observations by Sonsino, no altneration of 
generations occurs in the development of Distoma haematobium. The 
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part of intermediate host is taken by small crustacea, into which the 
ciliated embryo, swimming around in water, bores its way to become 
encapsulated in the tissues of its host. It is therefore probable that the 
infection may be transmitted through the drinking of water infected 
with the larve. 

The worms are found in the trunk and branches of the portal vein, in 
the splenic vein, mesenteric veins, as well as in the vessels of the rectum 
and bladder; and may pass through the inferior mesenteric vein into the 
hemorrhoidal and vesical veins, the veins of the ureter and prostate, 
and by chance into the inferior vena cava, and thence into the lungs. 
Their eggs are distributed therefore especially throughout the mucosa 
and submucosa of the ureters, bladder, and rectum, and occasionally also 
in the liver, lungs, kidneys, and prostate. While still within the uriyary 
passages the cylindrical embryos (miracidia) covered with fine cilia may 
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FiG. 589. Fıc. 540 
Fia. 539.— Distoma hamatobtum. (After Leuckart.) Male and female, the latter lying in the canalis 
gynzcophorus of the former. X 10. 


Fig. 540.—Eggs of Distoma haematobium. (After Leuckart.) a, Egg with terminal spine: b, egg 
with lateral spine. x 150. 


develop. Kartulis found them also in the skin of the leg and foot, and 
is of the opinion that the infection may take place not only through the 
intestine, but also through the skin. 

The deposit of eggs causes severe inflammations which lead in part to 
tissue-destruction and in part to proliferations of the tissue, which ap- 
pear in the mucous membranes as papillary and polypoid formations. In 
the bladder it may lead to incrustations and formation of concretions, 
and also to the development of fistulous tracts. In the liver the process 
leads to a connective-tissue induration. Following the inflammatory 
process, a development of carcinoma may take place in the bladder, 
seminal vesicles, prostate, and in the’skin (Kartulis). 

The parasite is found along the entire eastern coast of Africa, and 
also in Zanzibar, Tunis, Lake Nyassa, in Beyrout, and in Sicily. It is 
most common in Egypt, where about twenty-five per cent. of the native 
population suffer from the disease. 
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2. Cestoda ( Tapeworms). 


§ 184. The tapeworms are flat-worms devoid of mouth or intestine, which 
increase after the method of alternate generation through the germination 
of a pear-shaped primary head or scolex, and remain united to the latter 
for a long time as a (usnally) long, band-shaped colony. The single 
segments of this colony, the sexually active individuals, or proglottides, 
increase in size the more widely they become separated from their place 
of origin by the formation of new members, but outside of this are de- 
void of any outward distinguishing peculiarity. The pear-shaped head 
or scolex, on the other hand, is provided with from two to four suckers, 
and usually also with curved claw-like hooks. With the aid of these 
clinging organs the tapeworms fasten themselves to the intestinal wall 
of their host, which appears to be invariably one of the vertebrate ani- 
mals. The scolices develop from a round embryo having four to six 
hooks, and are found as the so-called ‘‘measles” in the most diverse or- 
gans, chiefly the parenchymatous ones, from which they later pass by a 
passive migration into the intestine of their future host. 

The tapeworms occurring as parasites in man belong to different families 
- -the Teniade and the Bothriocephalide. The first occur in man either 
as ‘‘measles ” or as tapeworms, the latter only as tapeworms. 

37 
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§ 185. Tenia solium in its fully developed condition possesses a 
length of 2-3 metres. The head (Fig. 541) is of the size of a small pin- 
head, is spherical in form, with rather prominent sucking-cups The 
crown of the head is not infrequently pigmented and bears a fairly large 
rostellum with about twenty-six plump, close hooklets having short root- 
processes. Following the head there is a thread-like neck of about an 
inch in length. Ata certain distance from the head segmentation begins, 
the first segments being very short, but their length increases with their 
distance from the head (Fig. 542); they become quadratic and finally 
longer than broad. The mature segments appear about 130 cm. behind the 





Fig. 512. Fig. 543. 
Head of Tecnia volium with protruding rostellum (carmine, balsam). > 50. 
Half-developed and fully matured segments, Natural size. (After Leuckart.) 
‘Two proglottides with uterus. (After Leuckart.) X 2 








head, although the sexual organs are fully developed in earlier segments. 
The ripe segments (Fig. 543) are, when stretched out, 9-10 mm. Jong, 
and 6-7 mm. broad, and have rounded corners. The sexual opening is 
situated laterall; just behind the middle of the segment. The uterus, 
which is filled with eggs, possesses seven to ten lateral branches which 
are separated from each other by a wide interval, and break up into a 
varying number of boughs branching like a tree, 

‘The parenchyma of the body of mature as well as of immature proglot- 
tides, or tapeworm segments (Fig. 544), is divided into two chief layers, 
the central one being designated the middle layer, the peripheral one as 
the cortical layer. The middle layer contains the sexual apparatus (Fig. 
544, ¢, d, e, f, g, h, i, k, 1, m, n), as well as the water vascular system (a), 
an excretory apparatus which traverses the whole tapeworm from the 
head to the last segment in the form of two canals lying in the lateral 
border of the middle layer. The canals are connected with each other at 
the posterior end of each segment (a’) and also send out numerous fine, 
subdividing branches into the body-parenchyma. 








ties into a groov 

situated on the lateral 

(i). The coiled end (49 9) 

lies in a museular bag and 

may be protruded 

the sexual opening (cirrus). 

The female sexual opening 

lies close behind the male 

orifice in the same sexual 

cloaca. The vagina (i) leads: 

thence to the posterior border 

of the segment. Before this 

is reached it widens into the 

seminal vesicle, and behind 

this into the fructifying can- 

al and the so-called “globular body.” The germ-preparing organs, 
which must be sought in the immature segments, consist of adouble ovary 
(k) and a single albumin-gland (1); these are sac-like or tubular organs 
lying in the posterior portion of the segment and communicating with the 
globular body. The latter is joined to the anteriorly Abeated uterus (7), 
which at the time of sexual maturity forms a straight canal. When the 
eggs enter the uterus from the globular body, in which they pass their 
first stage of development, the above-mentioned lateral branches sprout 
out and become filled with eggs. During this process the remaining sex- 
ual organs disappear. 

Phe cortical layer of the proglottiden is essentially muscular in nature, 
but in addition contains a larger or smaller number of so-called caleareous 
bodies, which are not entirely wanting in the middle layer as well. The 
musculature consists of smooth fibres, which form special groups in the 
suckers of the head. The surface of the tapeworm is covered with a 

clear cuticle, which forms the hooks 
on the heads. 


The eggs in STERNE 
„ Skinned, pale and yellow, nearly 
globular cells. In the uterus they 
a 
» 
Fre. 545, Fis. Bia, N { 
surrounded layer, an 


Hos, DIR Bam of Fond en rite 
tive vitelline membrane ; vite 
ge (After Leuckart) 


546.-Oysticercus celluloses, with ‘devel. 
pod head in ae (After Lacan} au 


vitelline EEE 
eter of the eggs, not including the vitelline membrane, Rei mm. 
The thick-shelled spheres are not undeveloped eggs, but contain au 
embryo with six hooklets. An intra-uterine Caveats of the em- 
bryo therefore takes place, the ripe segments are pregnant animals, 
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eral slight. Its ee ee een severe disturbances, 
but in other cases all signs of disease may be ee en 
cites slight inflammation, which leads to a thickening of the connective 
tissue in its immediate neighborhood. The cyst may retain its vitality 
for years. . After the death of the scolex pity laches ferret Re 
deposited within it a chalky mass. The hooklets are preserved in this 
mass for a very long time. Infection with the “measles” follows the in- 
troduction of eggs or proglottides into the stomach of man, 

Tenia mediocanellata or saginata sur- 
passes the Tenia solium not only in length, 
as it measures 4-7 metres and more, but also 
in its breadth and thiekness, as well as in 
the size of the proglottides (Fig. 548). 

The head is devoid of rostellum and circle 
of hooklets (Fig. 549), has a flat crown and 
four large, powerful suckers, which are usu- 
ally surrounded by a black border of pig- 


ment. 

The eggs resemble those of Tenia solium. 
The fully developed pregnant werus (Fig. 
550) has a large number of lateral branches 
which run close to each other, and instead 
of branching dendritically divide dichotom- 
ously. The pe et gern 
middie of the lateral border, 

discharged spontaneously are for een greater 
part empty of eggs. 


Yio, Bond ot Tient maginata, retracted, ack plementation in anit between the suckers 
Unstalned giycerin preparation. x 


Fia. en strc (After Leuckart) X 


‘The “measles” are found usnally in the muscles and the heart, more 
rarely in the other organs of cattle (Cysticercus bovis). They are somewhat 
smaller than the measles found in pork. 
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The development follows a course similar to that of Tania solium. 
Malformations of this tapeworm are of very frequent occurrence. 

The parasite is acquired by man through the eating of raw beef. It 
has not been definitely settled whether the ‘‘ measles ” of this worm occur 
in man, but some authors (Arndt, Heller) believe that such an oecur- 
rence does take place. 

By means of its powerful suckers the parasite is able to cling very 
firmly to the intestinal wall. Stieda has observed a case in which a 
tenia 15 cm. long had penetrated through the wall of the duodenum into 
the pancreas, and had caused tissue-necrosis and hemorrhage in its 
neighborhood. 


Teenia cucumerina or elliptica is 15-20 cm. long, and possesses a head with ros- 
tellum and circle of hooklets. It is of very frequent occurrence in dogs and cats, but is 
rare in man. Its cysticercoid inhabits the louse and flea of the dog, more rarely the 
flea of human beings (G@rassi). 

Teenia nana, a small tapeworm of from 8 to 15 mm. in length, has a head with 
four suckers and a circle of hooklets. It has been observed chiefly in Egypt and in 
Italy. 2B. Grassi was able to obtain several thousands of specimens from two Sicilians 
who had suffered from severe nervous disturbances. According to his investigations, 
the twnia passes its entire development, from the embryo on, within the same host. 
Visconti (Rendiconti R. Istituto Lombardo, xviii., 1886) found, at the autopsy of a 
young ınan from northern Italy, great numbers of Tenia nana in the lower portion of 
the ileum. In Germany it has been observed in only a few cases (Mertens, Leichtenstern, 

sder), 
Taenia diminuta (Rud.) or favopuncta ( Weinland), minima (Grassi) is a tapeworm, 
20-60 mm. long, and has a head without hooklets. It is of common occurrence in rats 
and mice, and has also been observed in a few cases in man. According to Grassi and 
Rovells, the measies live in a small butterfly, as well as in beetles. 
on Linstow has recently described as Teenla africana a large tapeworm with 
scolex devoid of hooklets, which he observed among the negroes of German East Africa. 

Besides those which also occur in man, teenie are of frequent occurrenceein the 
domestic animals, both in the carnivora and in birds, as well as in the herbivora. 

Tenia marginata of the dog is a tapeworm, 1-5 m. long, provided with a double 
circle of hooklets. Its cysticercus forms cysts of varying size in and under the serous 
membranes of sheep, cattle, goats, and hogs. 

Tenia serrata is a tenia found in the dog. It is 50-100 cm. long, and possesses a 
circle of hooklets. The cysticerci are found in rabbits and hares. 

Tenia cenurus is a tapeworm of the dog, 40-100 cm. long, and is provided with 
hooklets. It passes its cystic stage most frequently in sheep, where it seeks the central 
nervous system and forms cysts varying in size from that of a millet seed to that of a 
hen’s egg, which contain great numbers of scolices. Its presence in the brain gives rise 
to the so-called “staggers” of sheep. 

Tenia plicata (10-25 cm. long), Tenia mamillana (1-8 cm. long), and Tenta perfo- 
liata (8-5 cm. long) occur in horses. Tenia erpansa (4-5 m. long) and Tenta denticu- 
lata (25-80 cm. long) are the common tapeworms of cattle. Further, still other forms 
of teenie occur more rarely as parasites in sheep and cattle. 
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$ 185. The Tania echinococcus lives in the intestinal canal of the 
dog. It is 4-5 mm. long and possesses only four segments, the most 
posterior of these surpassing in length all the rest put together (Fig. 
551). 

The small hooklets have coarse root processes and are implanted upon 
a rather bulging rostellum. Their number runs from about thirty to 
fifty. 

The cyst-worm (hydatid) alone is found in man. It results from 
the introduction of tenia eggs into the intestinal canal. 

If the embryo wanders from the intestinal canal into any organ, it 
changes into a cyst, which is not capable of active motion. It consists of 
an outer /amellated, very elastic cuticle (Fig. 552, a) and a parenchyma- 
tous layer (6) lying internal to this, consisting of granular masses and 
cells, and containing muscle-fibres and a vascular system. When the 
eyst has reached about the size of a walnut (sometimes earlier), there are 
formed from the parenchymatous layer small brood-capsules (c) which 
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produce a great number of scolices. The first stage of these tapeworm 
heads consists of coarsely granular protoplasmic masses (d) lying in the 
wall of the brood-capsule; these’ develop further and show 
cavities (e) communicating with the cavity of the brood- 
capsule, and later become differentiated into a tapeworm head 
(f) furnished with a circle of hooklets. The head (h) which 
now protrudes into the lumen of the brood-capsule (g, A) is 
about 0.3 mm. long, possesses a rostellum with small, plump 
hooklets, four suckers, a water-vascular system, and numerous: 
chalky bodies in its parenchyma. Frequently the anterior 
part of the body is telescoped into the posterior part (9). 

In many cases the echinococcus cyst remains single. 
Its only change consists in an enlargement to the size of an 
orange or fist, through the formation of new brood-capsules 
and heads. The surrounding tissue forms a connective-tissue 
capsule, in which the cuticular cyst lies. The cavity of the 
cyst is filled with a clear fluid, which does not coagulate 
through boiling or on the addition of acids, and contains none 
or but little albumen, but on the other hand does contain 
sodium chloride, calcium oxalate, triple phosphates, uric acid, 
sugar (in the liver), and often also cholesterin. The brood- 
capsules are always situated on the inner surface, in case they 
- are not mechanically dislodged; and are visible through the 
transparent parenchyma as small white points. Occasionally 
the cyst remains sterile. 

In many cases daughter-cysts (Fig. 553, c) are formed. Their de- 
velopment proceeds in the depth of the cuticle independently of the real 
parenchymatous layer. Between two lamell® of the cuticle there arises 











16, 552.—Wall of an echinococcus-cyst containing brood-capsules and scolices (alcohol. carmine). a, 
Chitinous membrane; b, parenchymatous layer with vesteular cells; c, brood-capsules: d, &ı f. a. Ry 
scolices in different stages of development. X 100. 


a collection of granules, which surround themselves with a cuticle, and 
thereby become the centre of a new set of layers. As the number of 
layers increases, the cavity grows larger and the contents become clear. 
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If the daughter-cysts grow they bulge out the wall of the mother-cyst 
like a hernial sac, until it finally gives way and liberates its contents. 
If they now pass outward by the side of the parent-cyst, they obtain from 





553,—Kehinococcus hydatidosus. a, Surface of liver; b, indurated connective & 
Gandhi ea within a parenteyst, wülch has been opened by an incision: d, adhesions. ur 


the parenchyma in which they lie an external capsule of connective tis- 
sue, and then produce brood capsules in thesame manner as the primary 
cysts arising from the six-hooked embryos. 

An echinococcus with an exogenous proliferation is called echinococcus 
granulosus (scolecipariens Kiichenmeister), or sometimes also echinococ- 
cus veterinorum from the fact that it is of frequent, occurrence among 
the domestic animals, 

A second compound form of the echinococcus is the echinococcus 
hydatidosus. It is characterized by the presence of inner daughter-cysts 
(Fig. 553, c). According to statements made by Naunyn, and also con- 
firmed by Leuckart, the scolices and brood-capsules undergo a cystic 
metamorphosis, and so become changed into daughter-eysts which occa- 
sionally produce grand-daughter cysts. Through the formation of numer- 
ous daughter-cysts the chief cyst may attain a very large size. 

The infection of man follows the ingestion of the eggs of the tenia 
which occurs in dogs. The cysts are most often found in the liver, 
but the echinococcus occasionally occurs in the most diverse organs—for 
example, in the lungs, spleen, kidneys, intestine, in a bone or in the 
heart. With the exception of the disturbance of the tissues from press- 
ure and of the local inflammation which it causes (the latter leading to 
the formation of a connective-tissue capsule in many organs) the cyst often 
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The exquisite alveolar structure has given rise to the theory that this 
form of echinococcus is an alveolar, colloid-containing tumor of the liver. 
Virchow first recognized the true nature of the condition, and demon- 
strated that the so-called colloid masses were echinococcus cysts. 

According to the investigations of Melnikow-Raswedenkow the alve- 
olar echinococcus is to be regarded as a different species, which increases 
in the tissue of the host in a peculiar manner, suggesting the mode of 
development of the Trematodes; and in many cases spreads by both 
hematogenous and lymphogenous metastases from the primary focus of 
development to other organs (lymph-glands, lungs, brain). 

The embryo migrating from the intestine into the liver becomes 
changed into a multilocular chitinous coil, which possesses on both inner 
and outer sides granular masses of protoplasm, from which in part sco- 
lices, and in part ovoid embryos develop. These, through virtue of their 
motility, become distributed in the tissues and give rise to proliferations 
of granulation tissue with the formation of epithelioid cells and multinu- 
clear giant-cells, terminating partly in tissue-indurations and partly in 
caseation. The latter process is particularly prominent in metastatic 
foci. Among the structures which arise from the granular protoplasm 
of the parasite there may be distinguished the following forms: (1) 
ovoid embryos with thin homogeneous membrane; (2) embryos with thick 
fibrous capsules; (3) scolices. 

The embryos which are capable of migration are to be found inside of 
the chitin-cysts as well as free between the tissue-cells. A part of the 
embryos wandering thence into the connective tissue of the organ develop 
within the vessels into complicated chitin-cysts or coils which again form 
an after-growth of embryos; another part die and are taken up by phago- 
cytes or are infiltrated and disintegrated. 

Scolices form from the granular protoplasm of the embryo (prosco- 
lices) inside of the chitin-structure as well as outside of the same. The 
proscolices entering the tissues may also be changed into chitin-cysts. 

The life-history of the alveolar echinococcus outside of the paren- 
chyma of the organ is unknown; the feeding to dogs has given no posi- 
tive results. It appears that the embryos and scolices of the same are not 
capable of development in the intestine of the dog. 

The ordinary echinococcus is widely distributed, though not very 
common. It is of most frequent occurrence in Iceland, where the inhabi- 
tants live in very close association with dogs. The alveolar echinococcus 
has been observed chiefly in Switzerland, South Germany, Austria, and 
in Russia. 
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§ 186. Bothriocephalus latus (Bremser) 
or pithead is the most formidable tapeworm 
of man, measuring from 5-8 metres in length, 
and consisting of three thousand to four 
thousand short but broad segments (Fig. 
555), which are broadest in the middle region 
and narrower again at the end. The length 
of the largest segment is about 3.5 mm., the 
breadth about 10-12 mm. 

The head (Fig. 556) has a long oval or 
club shape, is about 2.5 mm. long and 1 min. 
broad. It is somewhat flattened, and pos- 
sesses on each lateral margin a slit-like de- 
pression, and is mounted upon a filiform neck. 

The body is narrow and flat 
like a ribbon, with the exception 
of the central parts of the seg- 
ments which project somewhat 
outward. At this spot the uter- 
us is found, in the shape of a 
single canal, which forms a 
number of coils (Fig. 557, m). 
When the eggs collect here in 
great numbers the lateral coils 
of the uterus arrange ther 
in folds, so that a ren 

Fig. 555, rosette-like appearance is pro- 

Fig, 555.—Hothriocephalus latue, (After Leuck- duced. The sexual openings lie 
re vineephatue tat ot 2 the middle line of the ventral 
u Patera as an of Surface, near to the anterior 

border of the segment, the fe- 
male orifice (0) being close behind the male opening (f). 
The ovary (g) is a double organ which lies in the middle layer; the 
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velops, in some intermediate host as yet unknown, into a measle ( Plero- 
cercoid), which, according to the investigations of Braun in the Russiau 
Baltic provinces, seeks out as second intermediate host the pike or tad- 
pole, and develops in the muscle or internal organs of these animals into 
a sexless tapeworm. According to Grassi and Parona, the measle of 
Bothriocephalus latus in Italy occurs in the pike and in the river-perch. 
In Japan it is found most frequently in the Onchorhynchus Perryi (Ijima, 
Leuckart). Zschokke found it in the Lake of Geneva in the following 
forms of fish: Lota vulgaris, Perca fluviatilis, Salmo umbla, Esox lucius, 
Trutta vulgaris, aud Trutta lacustris. It is found most often in the tadpole 
(Lota vulgaris) and in the perch ( Perca fluviatilis). Should the measle gain 
entrance, through the ingestion of the fish mentioned, into the intestinal 
canal of man, it again attains sexual maturity. According to Braun and 
Parona the measles may also be brought to development in both dogs and 
cats. The presence of Bothriocephalus in the intestine gives rise to a 
gradually increasing anssmia, which resembles pernicious anemia. The 
diminution of the red blood-cells and of the hemoglobin content of the 
blood is probably due to the fact that after the death of the tapeworm 
poisonous products arise having an injurious action upon the blood-cor- 
puscles. 


Bothriocephalus cordatus (Leuckart) is a tapeworm, of 80-115 cm. long, and has 
a heart-shaped head, whose sucking-grooves are flattened. The breadth of the ripe 
segments is about 7-8 mm.; the length, about 8-4 mm. In Greenland and Iceland it is 
a frequent parasite of the dog, seal, and walrus, and is found occasionally in man. The 
measles likewise occur in fishes. 

Bothriocephalus Mansons (Cobbold) or liguloides (Leuckart) is the measle (plerocercoid) 
of a tapeworm which has been observed a few times (Manson, Ijima, Murata) in the 
body ‘tissues and in the descending urinary passages or in the urine. Its origin is not 

nown. 
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B. NEMATHELMINTHES (ROUND WORMS). 


§ 187. All the round worms which occur as parasites belong to the 
Nematoda. They possess a slender, cylindrical, elongated, at. times 
filiform body without segments or appendages. The cuticle is thick and 
elastic. The mouth opening is found at one extremity, and 3 provided 
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The eggs require no intermediate host (Lutz, Leuckart, Grassi, Ep- 
stein). Man is infected by the ingestion of eggs which have been 
expelled from the bowel and have matured in the feces. According to 
feeding-experiments which Epstein carried out on human beings with 
eggs which had been cultivated in damp feces for a long time, the round- 
worm attains its maturity in from ten to twelve weeks after the ingestion 
of the eggs. At this time the male is 13-15 cm. long, and the female 
from 20-30 cm. Their presence in the intestine does not cause any no- 
ticeable disturbance. Only when present in large numbers do they some- 
times, especially in children, cause intestinal catarrh, vomiting, nervous 
disturbances and convulsions. Occasionally the worm crawls into normal 
and pathological openings in the wall of the intestinal canal, and in this 
way causes trouble. Thus, when it crawls into the ductus choledochus, 
it may produce bile-stasis. If it penetrates through an ulcer into the 
peritoneal cavity or into a hernial sac, it may excite inflammation of 
the tissues concerned. According to Leuckart it may also penetrate the 
uninjured intestinal wall. It is very frequently passed with the stools 
per anum, but at times per os in vomiting. From the pharynx it may 
wander into the larynx. 


In the domestic animals ascarides are of frequent occurrence. Ascaris lumbri- 
coides is found in swine (Ascaris suilla) and in cattle (Ascaris vituls). Ascaris alo- 
cephala, a round worm whose female is 18-87 cm. long, isa common parasite of the 
horse and donkey. Ascaris mystaz, whose female reaches a length of 12 cm., is found 
frequently in dogs and cats, and has also been observed in man. Various species, des- 
ignated as Heterakis, occur in birds. Heterakis maculosa, the round worm of pigeons, 
may cause the death of the pigeon when occurring in large numbers within its intestine. 


Literature. 


(Ascaris Lumbricoides. ) 


Epstein: Uebertragung des Spulwurms. Jahrb. f. Kinderheilk., 88 Bd., 1892. 

Grassi: Intorno all’ Ascaris lumbricoides. Gazz. degli Ospetali, ii., 1881, u. Cbl. f. 
Bakt., iii., 1888; Trichocephalus- und Ascarisentwickelung. Ibid., i., 1887. 

Huber: Bibliographie der klin. Helminthologie, München, 1898. 

Kitt: Lehrb. d. path.-anat. Diagnostik, ii., Stuttgart, 1895. 

Leuckart: Ucbergangsweise des Ascaris lumbricoides. Cbl. f. Bakt., ii., 1887. 

Lutz: Zur Frage der Invasion von Taenia elliptica u. Ascaris lumbricoides. Cbl. f. 
Bakt., ii., 1887; Uebertragung des menschlichen Spulwurms. Ib., iii., 1888. 

Peiper: Thicrische Parasiten. Ergebn. d. allg. Path., iii., 1897. 

Saltykow: Ascaridosis hepatis. Zeitschr. f. Heilk., xxi., 1900. 


$ 189. Oxyuris vermicularis, awl-tail, pinworm, or threadworm is a 
small round worm (Fig. 562), the female being about 10 mm. long (a, 3) 
and pointed at the caudal extremity like an awl, while the male is about 
4 mm. long (ce) with a blunt. posterior end, the anus being provided with 
a spiculum. 

The eggs (563, a), which the body of the female often contains in 
very great numbers, are 50 » long and 24 „ broad, have a flat and a 
curved surface, and a shell which is covered by a thin albuminous layer. 
Oxyuris vermicularis inhabits the large intestine and the lower portion of 
the small] intestine. According to Zenker and Heller only the impreg- 
nated mature females are found in the large intestine, the young individ- 
uals and the males remain in the small intestine. They occur very fre- 
quently in larger or smaller numbers. At night they often wander from 
the rectum over the anal region, and may enter the vagina; they excite 
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itching of the affected parts. The scratch- 
ing thus produced sometimes leads to der- 
matitis, erections, masturbation, ete. 

For the development of the eggs (Fig. 
563 a-e), it is necessary after their expul- 
sion with the feces that they again be 
taken into the stomach of man or beast. 
It is very probable that the original host 
may again infect himself with oxyuris, in 
that, for example, the eggs becoming at- 
tached to his finger during the act of 
scratching may later get into his mouth. 

The eggs are very resistant to drying, 
and in this condition may be widely scat- 
tered. 

$ 190. Anchylostoma duodenale 
(Dochmius duodenalis, or Strongylus duodena- 
lis, or Uncinaria duodenalis, also Uncinaria 
Americana [Stiles]), Hook-worm, is a small 
worm belonging to the family of Stron- 
gylides, which inhabits the upper part of the 
small intestine (Fig. 564). The cylindrical 
body of the female is 5-18 mm. long, that 
of the male 6-10 mm. The cephalic end 
(Fig. 565) is curved toward the dorsal sur- 
face, and possesses a bellied mouth-capsule 
(d). It is almost completely divided dor- 
sally, and the cleft is covered by two chitin- 
ous layers. On the ventral border there 
are four incurving teeth (b), on the dorsal 
border two teeth which are perpendicular- 
ly placed (c), all being held together by 
chitinous bands. 
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Fie. 562. — Oryuris vermicularis. 
a, Sexually mature female: h, female 
full of eggs; c, male. (After Heller.) 


The male is provided at its caudal extremity with a threefold bursa 
(Fig. 564, i), and two thin, fishbone-like spicules (p). In the female 
the posterior end is pointed, and bears an awl-shaped spine; the vulva 





Fic. 3. — Eggs of Ormıria 
rermiciularia in different stages 
of development. (After Zenker 
and Heller.) a,b, ¢. Segmenta- 


tion of volk:  d, tadpole-shaped 
embryo ; ¢. Worm-shaped embryo. 
» 2. 
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lies posterior to the body centre. The oval 
eggs (Fig. 566) are 44-67 » long, 23-40 u 
broad. They undergo the first stages of cleav- 
age in the human intestine (a-d), develop 
further in muddy water (e, f ), and may then, 
if brought into the human intestinal tract, de- 
velop again into sexually mature animals. With 
its teeth the worm works its way into the 
mucous membrane as far as the submucosa, and 
sucks itself full of blood. Its point of attack 
is distinguishable later by a small ecchymosis 
in the middle of which there is a white spot 
with a central perforation. Occasionally there 
are found in the intestinal mucosa small cav- 
ities filled with blood, within each of which 
there lies a coiled-up worm. The parasites, 
when present in large numbers, cause a con- 
tinuous and serious loss of blood, which may 
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lead to the most severe forms of anemia (Egyptian chlorosis), but they 
are not infrequently found in individuals who present no symptoms of 





. — Male of Anchylostoma duotenale. (After Schulthess.) a, Head with mouth-capsule: 
6, Intestine 1-2 cervical glands; /. skin; g, musclelayer: 7. porus ex: 
canal: m, seminal vesicle; 1. ejaculatory 












Anchylostoma duodenale. (After Schulthess.) a, Mouth-capsule ; 1), teeth 
teeth of dorsal border; «l, mouth cavity: e, skin protuberance on ventral side of 
‚inuscular layer; g, dorsal groove; N, esophagus. 

FIG. 566,—Fggs of Anchylostoma duodenale, (After Perroncito and Schulthess.) a-d, Different 
stages of sexmentation ; ¢, f, exes with embryos. X 200, 








disease. The parasite is very common in the tropics, and also in Japan. 
According to Griesinger and Bilharz about one-quarter of the native 
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Egyptians suffer from this disease. The parasite was very often ob- 
served in the workmen engaged in the Saint Gotthard tunnel. Accord- 
ing to Menche and Leichtenstern the brick-fields of the Rhine provinces 
are to a great extent infected with anchylostoma (brick-burner’s ane- 
mia). (For the distribution of Uncinaria Americana, see Stiles, Bull. U. 
S. Dept. of Agric., 1902.) 


Eustrongylus gigas, a palisade-worm of red color, whose female reaches a length 
of 1 metre, is a very rare parasite, which has been observed only a few times in the kid- 
ney-pelvis of man. It occurs very frequently in dogs. It possesses a mouth-opening 
with six papille; the male has on its posterior extremity a bursa with a single spicu- 
lum. The eggs are oval, 0.06 mm. long, and provided with a rough albuminous 
capsule. 

Strongylus longevaginatus, a thread-like, white worm, 26 mm. long, was once 
observed in the lung of a boy. 

In the do anil Strongylides occur in much greater numbers than in man, 
and are in part inhabitants of the intestine, and in part of the lungs (Müller, “Die 
Nematoden der Säugethierlungen,” Deut. Zeitschr. f. Thiermed., xv., 1886). 

Dochmius trigonocephalus and Dochmius stenocephalus occur in the intestine of dogs, 
and give rise to anemia. 

rongylus armatus is a common parasite of the horse, which enters the intestinal 
tract as an embryo, bores into the intestinal wall (Olé), thence into the liver, by way of 
the portal vein, and further into the lungs and the organs of the major circulation. 
Following this migration, it may develop in the most diverse organs and cause the 
formation of fibrous nodules, which become calcified after the death of the parasite 
enclosed in them. In the intestinal wall it may develop after direct migration or after 
embolic lodgment in the part, and leads to the formation of cavities, from which it 
again breaks through into the intestinal lumen. In the mesenteric arteries it attains 
sexual maturity, and causes thrombosis and the formation of aneurisms. The male of 
the mature worm is 20-80 mm. long; the female, 20-55 mm. 

Strongylus tetracanthus, which inhabits the large intestine of the horse, causes a 
hemorrhagic enteritis when present in large numbers. 

Strongylus paradorus is an extremely common parasite of the lungs of hogs. 
Strongylus capillaris, Str. commutatus, and Sir. filaria are frequent parasites of the 
lungs of goats and sheep, and different species may be present in the same lung at one 
time (Schlegel, “ Die durch Strong. capillaris verursachte Lungenwurmseuche der Ziege,” 
Arch. f. wiss. Thierheil., 25 Bd., 1899). The latter causes in sheep a bronchitis and 
nodular proliferating pulmonary inflammations; through the swallowing of many 
embryos inflammations of the intestine may also be produced. 

Strongylus rufescens and Str. paradorus, Nematodium ovis pulmonalis (Lydtin), or 
Preudalius oris pulmonalis (Koch) are also inhabitants of the lungs of sheep, the last- 
named causing a pseudotuberculosis. Str. commutatus and Str. pusillus occur in the 
lungs of the hare and rabbit; Str. syngamus and bronchialus in the trachea of birds: and 
excite inflammations. Sfr. micrurus (Strose, “Bau von Strongylus micrurus,” Deut. 
Zeitschr. f. Thiermed., xviii., 1892) occurs in cows and calves, B arterial aneurisms as 
well as in the respiratory passages. 

Strongylus pusillus causes in cats a pulmonary disease resembling tuberculosis 
(Jeanmaire, “ Veber die hist. Veränd. der Lunge bei der verminösen Pneumonie der Katze 
und des Hasen,” Inaug.-Diss., Freiburg, 1900). Syngamus trachealis (Klee, “ Der ge- 
paurte Luftröhrenwurm des Getiügels,” Deut. Thierärzti. Wochenschr., 1899) is a dan- 
gerous parasite of birds, particularly of pheasants, in the trachea of which it appears 
in great numbers, and attaches itself to the mucous membrane. It is easily recognized 
by its red color. Similar to the last-named is Syngamus bronchtalis, which has been 
observed a few times in geese and ducks. 
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§ 191. Anguillula intestinalis (Fig. 567) is a worm of 2.25 mm. 
length, which is found in the intestine, particularly in the tropics, and in 





Fic. 567.—Anqguillula intestinalis. Fic. 568.—Female of Angutllula stercoralis, with 
(After Braun.) eggs and embryos. (After Perroncito.) X 8. 


Italy, and has been occasionally observed in Switzerland, Germany, Bel- 
gium, and Holland (probably transported from Italy), under similar con- 


ANGUILLULA. 125 


ditions as the Anchylostoma duodenale. According to the observations 
of Leuckart, Golgi, Grassi, Leichtenstern, Zinn and others, the Anguillula 
intestinalis is a hermaphrodite, the eggs of which develop even in the 
intestine to embryos of 0.2 mm. in length; and in the presence in the 
intestine of numerous parent-worms are found in the feces in great num- 
bers. In the stools they become changed within about twelve hours into 
filaria-like larve, which, when gaining entrance into the human intestine, 
again grow into parasitic anguillule, which are again able to produce 
eggs capable of development. In addition there also occurs a develop- 
ment with an intermediate sexual generation, a heterogony. 

In the event of a sexual development the embryos grow outside of the 
body in about three days into sexually mature animals (female 1.2 mm. 
long, male 0.88 mm.) which are known as Anguillula or Rhabditis sterco- 
ralis (Fig. 567), and were formerly regarded as a separate species. The 
embryos of the separate sexual individuals develop into filaria-like larva, 
which, entering the intestine of man, again grow into parasitic anguil- 
lule. 

According to Leichtenstern and Zinn the filaria-like larve of the 
direct development are more resistant than those of the sexual. The 
Sexual mode of multiplication occurs particularly in the anguillula, com- 
ing from the tropics, while in the indigenous form (brick-laborers of 
Germany, Belgium, Holland) the direct metamorphosis predominates. 
Leichtenstern has explained this by the assumption that the tropical 
anguillula after its transportation into a temperate zone has adapted 
itself to the less favorable climatic conditions of the latter in such a 
manner that the anguillula of the temperate zone favors more the much 
simpler mode of development which is the more independent of the 
climate—namely, the direct transformation of the embryo into the filaria- 
shaped larvs, which in turn grow directly into parasitic anguillule. 

According to the statements of various authors Anguillula stercoralis 
when present in large numbers causes diarrhea. According to Normand, 
Grassi, Golgi, Leichtenstern, and others, the worms are found chiefly in 
the upper parts of the small intestine. According to Leichtenstern and 
Askanazy the mature animals and the larve penetrate not only into the 
crypts of Lieberkühn, but also into their epithelium and into the con- 
nective tissue of the mucosa, and in individual cases may break through 
the muscularis mucoss. The mother animals lay their eggs in the intes- 
tinal crypts. The embryos when hatched out wander out into the intes- 
tine. 
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$ 192. Tricocephalus dispar, the whipworm, is a common and rela- 
tively harmless parasite, though according to Askanazy it sucks blood 
from the intestinal mucosa. It inhabits the cecum and the neighboring 
portions of the intestine. It is found also in the domesticanimals. The 

male and female are about 4-5 cm. 
in length (Fig. 569). Theanterior 
body-half (a, 5) is very thin, thread- 
like; the posterior, which bears the 
sexual organs (Jf, g, 1, 0, p) ismuch 
thicker, in the female (B) cylin- 
drical,and in the male (A) rolled up 
and provided with a spiculum (g). 
The eggs (Fig. 570) are an el- 
ongated oval, 50 4 long, and 
a thick brown shell, which shows 
at both poles a peg-shaped, glassy 
swelling. 

. The first stage of the develop- 
ment of the embryos takes place in 
water and in moist earth. It ad- 
vances slowly, even in summer 
lasting four to five months, and in 
the colder months of the year much 
longer. The eggs are very resist- 
ant to cold and drying. (For the 
literature see Huber, “Bibliogra- 
phie der klin. Helminthologie,” 
München, 1893, p. 213; Askanazy, 

hats a j “Der Peitschenwurm,” Deut. Arch. 

Fic. bo Tricucephalus diepar. (after f. klin. Med., 57 Bd., 1896; Heine, 

ar temuler ace ceo Inden ur orten bee ee a. Tricocephalus,” Cbl. 

Pens wi end of pena "m. intestine o 93. Trichina spiralis occurs 

Sam amuss oo uleruss Ps vaginal openieg 54) ty forms—the trichina of the 

ap of Tricwccyhalus dispar. (After intestine and the trichina of the 
Heller.) muscles, 
The intestinal trichina (Fig. 

571) is the sexually mature form, and is a small, white, hair-like worm 
scarcely visible to the naked eye. The female (A) is 3mm. long, the 
male (B) is much smaller. The posterior part of the body is elongated 
in both sexes, and in the male (B) is provided on the dorsal half with 
two conical terminal pegs, which are directed toward the belly and 
are separated from each other by four knob-like papille. Instead 
of a spiculum the muscular cloaca is protruded outward during copu- 
lation. 

The intestinal canal begins with a muscular mouth, which becoming 
wider passes into the esophagus, which throughout its entire length is sur- 
rounded by the so-called cell-body—that is, by rows of large cells. The 
stomach, which follows the esophagus, is a flask-shaped dilatation of the 
intestine, and is lined with finely granular cells. The stomach passes 





Fig. 500. Fig. 570. 
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without any essential change of structure into the intestine, which in the 
male unites with the seminal duct at the posterior end to form the cloaca. 
The testicles consist of a.pouch, which begins near the caudal end as 


a blind sac, proceeds as far forward as the cell- 
bodies, and bending there, passes over into the 
seminal duct. 

The sexual organs of the female (A) consist 
of a single ovary, a uterus and a vagina, which 
opens externally at the janction of the first and 
second quarters. The ovary likewise forms a 
pouch lying close to the posterior end of the 
body, in which the round eggs develop. The 
pouch passes anteriorly into the sac-shaped uterus. 

The eggs develop within the uterus into em- 
bryos which are set free at birth. 

The muscle-trichina (Fig. 572) is a worm 
0.7-1 mm. in length, which lives in the muscles 
of the body. It is usually rolled into a spiral 
and lies in a capsule, which occasionally contains 
lime-salts. Between the coils of the worm there 
is a finely granular mass. 

A single capsule may contain three to five 
trichine. 

If a piece of muscle containing living tri- 
chine is taken into the stomach of a host—for 
example, man—the capsule is dissolved and the 
trichin are set free. In the intestinal canal they 
attain sexual maturity within two and a half days, 
when copulation takes place. On the seventh day 
after the ingestion of muscle trichin® the birth 
of embryos begins, which continues some time, 
even for weeks. A single female trichina may 
bear from one thousand to thirteen hundred 
young. According to Pagenstecher, Chatin, Cer- 
fontaine, and Askanazy, the female trichin® pen- 
etrate into the intestinal villi and deposit the 
embryos in the chyle-vessels, whence their migra- 
tion begins. To what extent they are swept along 
passively by the lymph, or to what extent active 
migration is concerned in their spreading, is a 
difficult matter to determine. When arriving in 
the muscles they penetrate the primitive fibres, 
bring the adjacent contents of the fibre to degen- 
eration, and grow in about fourteen days to fully 
developed muscle trichine. In the neighborhood 
of the trichine there occurs a proliferation of 
the muscle-nuclei and an inflammation of the 
connective tissue. At first the muscle-trichine 
are enclosed only by the sarcolemma, which ap- 
pears thickened and hyaline about them. Later 
there occurs in the neighborhood an inflammatory 
proliferation of granulation tissue which leads to 
the production of connective tissue on the outside 
of the sarcolemma and penetrates even within the 





Fra. s7l.—Sexually mature 

Ichine. Female; 
make. (afler Eeuekart) 
x 1, 
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sarcolemma tube, the muscle-nuclei being destroyed. Fat cells may 
appear later in the connective tissue of the capsule, the development of 
the latter being especially marked at the poles. 

The intestinal trichin® have a limited life of from five to eight weeks. 
The muscle-trichine, on the other hand, may live for a very long, possi- 
bly an unlimited time—that is, until the death of the affected individual ; 
or at any rate for years, although, according to Ehrhardt, a few may die 





Fia. 572.—Encapsulated muscle trichinw. (After Leuckart.) X €0. 


before the encapsulation. After some time there frequently occurs a 
deposition of lime-salts in the capsule, especially at the poles, causing it 
to appear glistening-white by reflected light, and cloudy and dark by 
transmitted light. In rare cases the trichin® after dying also become 
calcified. 

Trichin have been observed, besides in man, also in the hog, cat, 
dog, rat, mouse, marmot, polecat. fox, marten, badger, hedgehog, and 
raecoon. Through the feed'ng of trichinous meat muscle-trichine may 
also be developed in rabbits, guinea-pigs, sheep, dogs, etc. Man becomes 
infected through the eating of uncooked pork. The invasion of the tri- 
chin produces various phenomena in man. The introduction of trichin. 
ous meat into the intestine is followed by the symptoms of an intesti: 
eatarrh. With the invasion of the muscles there are produced pain, 
swelling, cedema, paralysis, and not infrequently fever. The symptoms 
are most severe in the fourth and fifth weeks. Death not infrequently 
results. 

The trichine are found most abundantly in the diaphragm, tongue, 
intercostal muscles, the muscles of the neck and larynx, the lumbar mus- 
cles, and are scattered most sparsely in the distant muscles of the extremi- 
ties. They are usually most numerous about the insertions of the 
tendons. 
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§ 194. Filaria or Dracunculus medinensis, the 
Guinea-worm (Fig. 573), is a thin, thread-like 
female worm from 60 to 100 cm. in length. The 
males (observed by Charles) which were attached 
to female filarie, were only 4 cm. long. The an- 
terior extremity is rounded off, while the posterior 
tapers into a pointed tail which is curved toward 
the belly. The external cover- 
ing consists of a firm cuticle, 
which at the cephalic end is 
thickened in the form of a 
shield. The intestinal canal is 
narrow and has no anus. The 
uterus, filled with young, takes 
up nearly the whole of the body- 
cavity. Theembryos, which are 
set free by the bursting of the 
mother-worm, havea firm cuticle 
and an awl-shaped tail. As in- 
termediate host, the embryos 
seek out small crustacez, in 
which they are probably taken 
into the stomach of man with 
the drinking-water. In Africa 
and Asia the worm is of fre- 
quent occurrence. It develops 
in the skin to sexual maturity 
and causes abscesses of the af- 
fected region. It is usually 
found on the lower extremities, 
especially in the region of the 
heels. 

Fig. 574. Filaria sanguinis hominis is 


Fia. 573. — Filaria sive Dracunculus medinensie. the name given to the larve (Fig. 


(After Leuckart.) Natural size 


574) of a worm, which occur in 


Fig. 574.—Embryo of Filarta Bancroftt, known 
as Filaria sanguinis hominis. (After Lewis.) X 400. the blood and lymph of man, 
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and are about 0.35 mm. in length. The sexually mature worm is fili- 
form, the male about 15 cm. long and the female8cm. It is called 
Filaria Bancrofti after its discoverer. The worm inhabits the lymph- 
vessels, particularly those of the scrotum and lower extremities, and may 
be present in large numbers. It causes lymph-stasis and inflammations 
which lead to swellings of the lymph-glands and to elephantiasis-like thicken- 
ing of the tissue, associated with cedema and lymphangiectasis. Purulent 
inflammations, Iymph-abscesses, buboes, chylous hydrocele, and chylous 
ascites may appear in consequence of its presence. 

From the lymphatics of the limbs and scrotum the eggs and embryos 
(0.35 mm. long) (Fig. 574) pass into parts of the lymphatic system and 
into the blood, giving rise to hematuria, chyluria, and chylous diarrhcea. 
According to Manson and Scheube the fillari® are present in the blood 
taken from the skin only during the night; von Linstow explains this 
phenomenon as due to the fact that during sleep the peripheral vessels 
become dilated, and so permit the entrance of the filariw, while the cap- 
illaries, being narrower during the day, do not permit such entrance. 
The hematuria is the result of the collection of embryos in the blood- 
vessels of the urinary tract. The chyluria and the chylous diarrhea, on 
the other hand, are due to the obstruction by the parasites of the thoracic 
duct, thus causing a lymph-stasis which extends to the lymphatics of the 
bladder and intestine and there occasions the escape of lymph. Accord- 
ing to Scheube the rupture of the lymphatics is also attended by a rupt- 
ure of blood-vessels, so that blood becomes mixed with the lymph. The 
embryos may pass out from the urinary apparatus through the urine. 

The distribution of the embryos is, according to Manson, accomplished 
by means of mosquitos, which take up the parasite during the act of blood- 
sucking. In the mosquitos they pass through a second stage of develop- 
ment and are then (James) after two or three weeks ready for the infec- 
tion of a new host. Manson formerly held the opinion that they entered 
the water, and in a free condition were taken up in the water into the 
intestinal tract. The investigations of James, Low, Grassi, and Noé, who 
followed their development and migration in the body of mosquitos, 
make it seem probable that they are transmitted to a new host through 
the bite of the mosquito. 

The Filaria sanguinis occurs, so far as is known, only in the tropics 
(Brazil, Egypt, Algiers, Madagascar, Zanzibar, Soudan, South China, 
Calcutta, Bahia, Guadeloupe). 


Mackenzie estimated the number of filaria-embryos present in the total bulk of the 
blood of a case of hwmatochyluria closely studied by him at from thirty-six to forty 
millions. The patient dicd from empyema; during the disease the filarie died. 

In the domestic animais numerous ‚filaria-species occur and inhabit different parts 
of the body. Filaria papillosa is a common parasite of the horse, donkey. and cattle: 
it lives in the serous cavities and reaches a length of from 5-18 cm. Filaria hematica, 
a worm 13-15 cm. long, inhabits the right heart and the pulmonary artery of the dog, 
and in this situation gives off its cmbryos to the blood-stream. It occurs particularly 
in America, China, and India. 
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Ill. Arthropoda. 
1. Arachnida. 


§ 195. The parasites included among the Arachnida are chiefly epizoa, 
which either temporarily or permanently inhabit the skin. Only one 
species— Pentastoma—occurs in the larval 
form within the tissues. The most com- 
mon parasites of this group belong to the 
Mites (Acarina). The pentastoma be- 
longs to the family of tongue-worms 
(Pentastomide or Li ) 

(1) Acarus scabiei or Sarcoptes 
hominis, the itch-mite, is a parasitic 
mite the size of a pinhead with a turtle- 
shaped body, provided on the ventral 
surface both anteriorly and posteriorly 
with two pairs of legs, each of which is 
furnished with bristles (Fig. 575). The 
anterior pairs of legs extend out into 
pedicled clinging-dises. The same ar- 
rangement is found in the posterior two 
pairs in the male, while in the female 
both of the posterior pairs end in long 
bristles. Several bristles are also found -r 
along the border of the posterior portion mo. 8 Mace Sy Ventral nur 
of the body, while the back is studded 
with tooth-like knobs, The head is round and likewise set with bristles. 
The female is nearly double the size of the male. 
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The mite lives in the epidermis (Fig. 576, a, d) in which it forms 
burrows, some of which are 10 cm. long. 

In the burrows the female (d) lays the eggs, which develop in situ 
into the young it itch-mites (e), which penetrate still deeper into the epi- 
dermis, and after repeated sheddings of their skins grow into sexually 
mature animals. The skin responds to the irritation produced by the 





joohol.carmine). „9, Horny layer of the e numerous bur- 
mucous layer, and papillary bod! Fr ereeily enlerged and Indleraied 
with Celis "ds Bection through fully developed ehr taltes €, CHES and 
embryos of different sizes; f, fmeces. X 20, 





presence of the mites by an increased production of epithelial cells (a) 
and inflammation (ce). The latter is still further increased through the 
seratching of the spots which itch in consequence of the invasion. 

2. Leptus autumnalis, the harvest-mite (Fig. 577) is the red-colored 
larva of a variety of Trombidide, which lives upon grasses and bushes 
and upon grain, and when occasion offers alights upon the skin of man, 
where it penetrates the epithelium and causes itching and inflammation. 

3. Demodex or Acarus folliculorum hominis (Fig. 578) occurs either 
singly or in numbers in the hair-follicles of the face, as well as in the 
duets of the sebaceous and Meibomian glands. Hausche found the de- 
modex on the eyelashes in seventy-nine per cent., and Joers in sixty-four 
per cent. of the cases examined. Children under one year of age were 
free. The female is 0.4 mm. long, the male 0.3 mm. The eggs are de- 
posited upon the shaft of the hair or upon any other portion of tissue, and 
develop after two sheddings into sexually mature animals which are found 
in the entrances to the hair-follicles and sebaceous glands, with their heads 
directed inward. The assumption that the demodex causes inflammation 
(acne, blepharitis acarica) is not supported (Joers, Hausche), since in 
spite of its presence in the great majority of cases signs of inflammation 
are wanting. 

It is about 0.3 mm. long, and has on its anterior ventral surface four 
pairs of short thick feet. The head possesses a snout and two feelers. 

4. Ixodes ricinus, the wood-jack or wood-tick (Fig. 579) is a fairly 
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large yellowish-brown member of the Arachnida belonging to the ticks, 
It a black head provided with a sucking apparatus, and a very dis- 
tensible leathery body. It is of common occurrence upon grass and 
bushes, and sometimes alights upon man or beast. By means of its 
sucking apparatus it draws blood from the skin and swells up to a very 
remarkable extent. 

5. Pentastoma denticulatum is the larva of Pentastoma tzenoides, 
a lancet-shaped animal belonging to the tongue-worms or Pentastomide. 
It inhabits the nasal, frontal, and maxillary cavities of various animals, 
especially of the dog, very rarely of man (Laudon) and occasions inflam- 
mations. The female of the mature animal is 50-80 mm. long, and an- 
teriorly from 8-10 mm. broad ; the male is 16-22 mm. long, and anteriorly 
from 3-4 mm. broad. The body consists of eighty-seven to ninety seg- 
ments, the most anterior of which bear lateral segment-appendages, the 
pairs of limbs. The eggs, which are produced in very great numbers, 
areoval. Thelarvais 4-5 mm. long, 1.5 mm. broad, plump, flattened, and 
inhabits chiefly the liver, lung, or spleen, or more rarely the other organs 
of man and the herbivora. It occurs in the form of a small nodule encap- 
sulated in connective tissue. The body consists of about fifty ring-shaped 
segments which are provided at the borders with spines (Fig. 580), and 
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Fig. 877. Fig. 578. Fro. 580. 






577.—Leptus autumnalis, (After Küchenmeister and Zürn.) 
—Acarus folliculorum hominis. (After Perla) X 300. 

—Irodes ricinus, sucked half full of blood. x 2 

Fig, 580.—Cephalle end of Pentastoma denticulatum. (After Peris.) x 40. 


the cephalic end is provided with four hook-shaped feet. The eggs are 
taken in from the external world through the intestinal tract. The para- 
sites set free in the intestine wander by means of a boring apparatus 
through the mesentery into the mesenteric lymph-glands, or penetrate 
directly into the blood-vessels, and are carried by the blood-stream 
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to the liver or even to the lungs, where after shedding they develop 
into the encysted larve. The larve may in their wanderings gain access 
to the nasal cavity of their host, and develop into mature animals, al- 
though the further development usually takes place only after their re- 
ception into a new host. 


According to the published reports of Tanaka a small red mite occurs in great 
numbers in different parts of Japan during midsummer, and clinging firmly to the skin 
of man causes the so-called Kedani-disease, which is characterized by inflammation of 





FIG. 681. FIG. 582. 


ia. 681.—Male of Dermatophagus communis seen from the ventral side. (After Pütz.) X 50. 
Fig, 52, — Male of Dermatocoptes communis, seen from the ventral side. (After Pütz.) x 50, 


the skin and lymph-glands, with high fever, and often ends fatally. It is probable that 
these symptoms are due to secondary infections (proteus and streptococe)) in the bites 
of the mite. 

In the domestic animals living mites occur very frequently as parasites of the 
skin, and represent different species of various families. 

Sarcoptes hominis, the burrow-mite or itch-mite of man is found also in horses and 
Neapolitan sheep. In addition still other different species of sarcoptes may be distin 
guished as parasites of the domestic animals—for example, Sarcoptes aquamiferva in dogs, 
hogs, sheep, and goats, and Sarcopter minor in cats and rabbits. 

Dermatophagus, the derouring-mite (Fig. 581), with a broad head, occurs in different 
animals, and different specics may be accordingly distinguished. They live upon the 
cells of the epidermis and cause a desquamation of the skin. 

Dermatocopten, the sucking-mite (Fig. 582), with long narrow head, takes blond and 
lymph from the skin and causes inflammation. Dermatoroptes communis occurs in 
Horses, cattle, and sheep. Dermatocoptes cuniculi is a parasite of the rabbit's car. 

symbiotex equi of Gerlach is a mite which occurs chiefly upon the feet of the heavy 
English and Scotch horses, and causes a moist dermatitis, often incorrectly called mır 
landers. 

Dermanyssne aréum is a long, red, blood-sucking mite, about 1 mm. long. and is 
often found upon birds. 

Of the tick family there occur on dogs, cattle, and sheep different species of Zrunten, 
on pigeons Aryiee reflerns, and others, Argus reflerus can, according to D' Ajutolo, occur 
also on man, 

Leptns autnmnalis occurs ulso on dogs and chickens. 

Different species of Demoder oceur in dogs and swine, and cause pustular erup- 
tions. 

Pentastomuta occur also in cattle, sheep, and goats, and in certain regions are very 
common in the tirst named. 
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2. Insecta. 


§ 196. The parasites belonging to the class of Insecta are for the greater 
part epizoa. In part they are but transient inhabitants of the skin, 
deriving from it their nourishment; in part they are permanent inhabi- 
tants and utilize the skin structures for the deposit of theireggs. Of the 
numerous species belonging to this class the following may be mentioned: 

(1) Pediculus capitis, the head-Wuse (Fig. 583), inhabits the hairy 
portions of the head, and derives its nourishment (i.e., blood) from the 
skin, by means of its feeding apparatus. Its eggs (nits) are barrel-shaped 
and white, and are attached to the hairs by means of a chitinous shell. 
The embryo hatches in about eight days. In consequence of the scratch- 
ing induced by the itching there often arise inflammations of the skin, in 
particular eczemas, which are often relatively severe. 

(2) Pediculus pubis, the felt or crab-louse (Fig. 584), inhabits the 
hairy parts of the trunk and extremities. Its habits of life are the same 
as those of Pediculus capitis. 

(3) Pediculus vestimentorum, the clothing or body-louse (Fig. 585), 
lives in the wearing apparel, and lays its eggs in the same. It gets 
upon man to obtain its nourishment. 

(4) Cimex lectularius, the bedbug, dwells in beds, floors, closets, etc. 
During the night it gets upon man to suck blood. It causes wheals in 
the skin. 

(5) Pulex irritans, the common flea, also draws blood from the skin. 
At the point where it has sucked there is found a little punctate hemor- 





Fig. 543. ia. 584. Wo. 586. 


Fıa. 583.—Female ot Pediculus capitis, seen from the ventral surface. (KOchenmelster and Zim.) x 18. 

Fig. 54.—Mule of Pediculus pubis, seen from the ventral surface. (Küchenmeister and Zürn.) x 18. 

Fa. 585, -Femule of Pediculus vestimentorum, seen from the ventral surface. (Küchenmeister and 
mn.) 


rhage. Oceasionally it causes wheals and swellings, It lays its eggs in 
the cracks of floors, in sawdust, ete. 

(6) Pulex penetrans, the sand flea, occurs in South Africa in the 
sand. The female lays her eggs in the skin, thereby causing an intense 
inflammation, 

(7) Mosquitos provided with stinging and sucking apparatus (Culiei- 
de and Tipulide), horse-flies (Tabanide), and flies (Stomo.ryide) draw 
blood frequently from the skin of mau. Various flies (stride or biting 
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flies, Museide or blow-flies) occasionally lay their eggs in the skin, in ulcers, 
or wounds, or in the accessible body-cavities, in consequence of which 
the maggots developing cause local destruction of tissue and inflammation 
(myiasis). Under certain conditions their larve: may get into the intesti- 
nal tract with the food and there undergo further development (myiasis 
intestinalis). ‘This is especially likely to occur when abnormal conditions 
which interfere with digestion are present in the stomach and intestine. 
The eggs of the Muscide (in Europe 
usually of Sarcophilia Wohlfarti, 
in America of Compsomyia or 
Lucilia macellaria and Musca an- 
thropophaga), when laid upon the 
mucous membranes or in wounds, 
hatch after a few hours, and cause 
destruction of the neighboring 
soft parts through their efforts to 
obtain nourishment. In the au- 
ditory canal, nose, and antrum of 
Highmore, the bones may be laid 
bare (myiasis mucosa). In the 
course of about a week the larvee 
Fic. 588.—Gastrophilus equi. (After Brauer.) a, leave the ulcers and pass into the 

le; , larva. pupa stage in the earth. The 





bovis and Hypoderma Diana ; in America, Dermatobia nozialis or Cuterebra 
cyaniventris) lay their eggs upon wounds or in the intact skin. The 
larve, hatching very soon, penetrate into the cutis by means of their 
hooklets, and after several sheddings grow in from one to six months into 
larger larves about 2 cm. long. They cause, particularly in their later 
stages, painful swellings of the neighboring tissue (myiasis «strosa). 

Regarding the significance of different species of Anopheles as conveyers 
of malarial infection see § 182. 


Parasites belonging to the Muscid@ and (Estride play a more important röle in the 
case of the domestic animals than in man; and the larvıe of the species of Hatrus in 
particular occur as parasites in animals, For example, the larvee of Gastrophilus equi 
(Fig. 586), Gust. pecorum and Gust. hemorrhoidalis inhabit the stomach and adjacent 
portions of the intestinal tract of the horse, where they complete their development up 
to the pupa-stage, when they leave the animal. 

Estrus ovis lays its larve in the nasal cavities of sheep, whence they may wan- 
der, under certain conditions, into the frontal, nasal, and maxillary cavities, or even 
into the cranial cavity, and excite inflammation. 

The larva of Hypoderma or (Estrus boris is 5-15 mm. long. It inhabits the skin and 
spinal canal of cattle, completing its development up to the pupa-stage, at which time 
it leaves theanimal. According to Schneidemühl the larve do not always enter through 
th . but are more often taken in with the food, whereupon they penetrate through 
the wall of the wsophagus toward the skin and spinal canal al. The latter follows from 
the fact that they are found in the wall of the sophagus f from October to January, 
and under the skin, on the other hand, from January to April. 
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ARDOMINAL cavity, faulty closure of, 511 Adenosarcoma, 468 


Abortion, 496 Adipose tissue, atrophy of, 193 
Abrachius, 516 development of, 290, 291 
Abrin, poisoning by, 27 pathology of, 198 
Abscess, 885, 574 Adipositas, 52, 191 
burrowing, 363 Egagropile, 226 
chronic, 363 “Equatorial plate, 278 
cold, 621 Atrobes, 548 
congestion, 363 Age, predisposition in old, 50 
Abscers-membrane, 858 Agenesia, 178 
Acardiacus acephalus, 582 partial, of the cranium, 504 
amorphus, 582 Agglutination of colon bacillus, 594 
pseudoacormus, 532 of typhoid bacillus, 100, 592 
Acarina, 781 Agglutinins, 110 
Acarus folliculorum hominis, 732 Agnathia, 509 
scabiei, 781 Agrotis segetum, 678 
Acervuloma, 480 Air, entrance of, into the right heart, 71 
Acervulus cerebri, 228 embolism, 71 
Achirus, 519 Albivism, 250 
Achorion Schönleinii, 675 Albuminoid bodies, protective, 105 
Achromatopsia, 55 Alcohol, poisoning by, 28 
Achyla prolifera, 678 Alexins and immunitoxins, 118, 119 
Acids, corrosive, 22 protective, 105, 106, 118 
Acme of a fever, 94 Alkaloids, toxic cadaveric, 88, 41, 549 
Acne, 574 vegetable, 18 
Aconitine, poisoning by, 29 Algor mortis, 167 
Acrania, 504 Alveolar sarcoina, 420 
origin of, 507 Amclus, 516 
Acromegaly, 212, 263 Amides, 542 
Actinomyces or ray-fungus, 649 Amido-acids, 542 
Actinomycosis, 649 Amins, 542 
Acuminate condyloma, 862 Amitotic nuclear division, 276 
Addiment, 118 Amme, 700, 708 
Addison's disease, 89 Amnion, pathological conditions of, 490 
pigmentation of skin in, 232 Amniotic adhesions a cause of malforma- 
Adenocarcinoma, 468 tions of the embryo, 490 
deveiopment of, 455 Amoeba coli felis. 681 
Adenocystoma, 442, 485 coli mitis, 680 
napillary, 446 coli vulgaris, 630 
Adeno.cysts, 477 dysenterire, 680 
Adenoma, 487 Amphibolous stage of fever, 94 
alveolar, 440 Amphiminis, 61 
carcinomatosum, 458 Amputation neuroma, 302, 411 
conversion of, into a carcinoma, 455 Amyelia, total or partial, 499 
destruens, 458 Amyloid concretions, 214 
malignum, 458 degeneration, 208 
papillary, 440 local infiltration of, 218 
tubular, 440 Anabiosis, li 
umbilical, 513 Anemia, 129 
Adenomata and carcinomata, difficulty of chronic, 126 
distinguishing between, 441 collateral, 133 
Adenomyoma, 405, 477 due to tapeworm, 718 
Adenomyosarcoma, 485 general, 126 
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"pn Anemia, localized, 129, 182 

ff Anatrobes, 543 

Anaplasia, 458 

Anasarca, 150 

Anatomy, general pathological, 3 

Anchylostoma duodenale, 721 
Americana, 721 

Androgynes, 527 
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Ascococci, 540, 559 
Asiatic cholera, 660 
Aspergillus flavescens or flavus, 671 
fumigatus, 671 
nidulans, 671 
niger, or nigricans, 671 
Aspergillus-mycoses, 673 - 
Asphyxia, 6 


Anencephalia, 504 local, 170 
origin of, 507 . Astrocyte, 300 
Anencephalus, total, 505 Atavism, 58 


Atheroma, 252 
Atmospheric pressure, effect of an in- 
crease of, 13 
effects of sudden lowering of, 12 


Aneurism, cirsoid, 397 
Angioma, 393 
arteriale plexiforme, 397 
arteriale racemosum, 397 


s 





cavernosum, 395 
fissural, 894 
hypertrophicum, 397 
lymphaticum, 399 
plexiforme arteriale, 397 
simplex, 393 


venosum (varicosum), 395 


Angiomyoma, 405 

Angiosarcoma, 424 

Anguillula intestinalis, 724 
stercoralis, 725 

Anhydremia, 126 

Aniline, poisoning by, 27 


Animal diseases caused by cocci, 579 


parasites, 45, 680 
Anopheles, 695 
Antagonism, bacterial, 545 
Anthrax-bacilli, 584 

attenuation of, 588 


Anthrax, protective inoculations agai 
588 


symptomatic, 656 
Antiautolysin, 119 
Antibodies, 109, 115 


Antitoxins, 106, 109, 114. 115, 118 


of diphtheria, 117 


Anus, condyloma latum of the, 633 


Aphthe, 672 

Aplasia, 165 

Aprosopia, 508 

Apus, 516, 519 

Apyrexia, 95 

Arachnida, 33, 46, 731 

Area cerebrovasculosa, 505 
medullovasculosa, 500 

Argas reflexus, 734 

Argyria, 249 

Arrhinencephalus, 506 


Arsenicismus, pigmentation in, 242 
Arseniuretted hydrogen, poisoning by, 26 


Arterioliths, 146 
Arteriosclerosis, 216 
Artery, obliteration of, 148 
terminal, 160 
Arthritis urica, 224 
Arthropoda, 731 
parasitic, 33, 46 
Ascaris lumbricoides, 720 
megalocephala, 720 
mystax, 720 
Ascites, 151 
chylous, 164 


Atresia ani, 515 
ani vesicalis, 516 
ani urethralis, 516 
ani uterina, 516 
ani vaginalis, 516 
oris, 509 
recti, 515 
urethre, 515 

Atrophy, 182 
active, 185 
brown, 188 
degenerative, 184 
disuse, 187 
excentric, 183 
neuropathic, 187 
passive, 185 
pigment, 183 
pressure, 186 
senile, 186 
simple, 184 

Atropine, poisoning by, 29 


Attenuation of bacterial virulence, 113 


Attraction-spheres, 275 


Auditory meatus, cholesteatomata in, 436 


mould-fungi in, 670 
Autochthonous pigment, 231 
teratomata, 473 
thrombi, 144 
Auto-intoxications, 75, 78, 80 
Autolysin, 119 
Autosite, 536 
Awl-tail, 720 
Axis-cylinder, sprouting of, 300 


BACILLACE, 580 

Bacilli, 580 
pathogenic, 584 
saprophytic, 582 

Bacillus aceticus, 583 
acidi lactici, 582 
atrogenes capsulatus, 603 
amylobacter, 582 
anthracis, 584 
dutter, 613, 629 
butyricus, 582 
caucasicus, 582 
coli communis, 593 
comma, 660 
cyanogenes, 582 
diphtherie, 597 
fluorescens liquefaciens, 583 
icteroides, 606 
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Bacillus influenzw, 596 


leprie, 639 

mallei, 644 

mucosus capsulatus, 596 
ıedematis maligni, 602 
pertussis, 597 

pestis, 604 

phlegmones emphysematose, 603 
pneumonie of Friedlander, 595 
prodigiosus, 582 

proteus vulgaris, 583 
pyocyaneus, 583 

smegma, 613 

subtilis, 581 

tetani, 601 

typhi abdominalis, 589 


Bacillus of anthrax, 584 


of blackleg, 656 

of bubonic plague, 604 

of chancroid, 607 

of chicken-cholera, 658 

of contagious pleuropneumonia, 659 
of diphtheria of calves, 659 

of diphtheria of chickens, 659 
of diphtheria of pigeons, 659 
of foot-and-mouth disease, 659 
of glanders and farcy, 644 

of hemorrhagic septicemia, 658 
of influenza, 596 

of leprosy, 689 

of malignant edema, 601 

of ozwna, 596 

of pseudodiphtheria, 600 

of pyelonephritis of cattle, 659 
of rhinoscleroma, 647 

of swine-erysipelas, 657 

of swine-plague, 657 

of symptomatic antlırax, 656 
of syphilis, 631 

of tetanus, 601 

of tuberculosis, 607 

of ty phoid fever, 589 

of ycllow fever, 606 

of whooping-cough, 597 


Bacteria, 540 


action of, 548 
acid-resisting, 613 
atrobie, 543 
anatrobic, 548 
association of, 552 
attenuation of, 552 
cultivation of, 558 
degeneration, forms of, 542 
ectogenic, 35 
endogenic, 85 . 
metastasis of, 551 
movements of, 541 
multiplication, 541 
oligomorphous, 540 
parasitic, 540 
pathogenic, 35, 551 
phosphorescence of, 549 
polymorphous, 541 
products of, 548 
saprophytic, 582 
spores of, 542, 545 
structure of, 541 


Bacteria that cause suppuration, 574 
transmission to foetus of, 551 
Bacteriace:, 580 
Bacterixmia, 89, 40 
Bacterio-try psins, 548 
Bacterium, 580 
coli commune, 598 
Bacterium of hemorrhagic septicemia, 658 
lactis a&rogenes, 5 
pneumoniez, 595 
typhi, 589 
vulgare, 583 
Balantidium coli, 681 
monatum, 683 
Barbone dei bufali, 659 
Barlow's or Moeller’s disease, 158 
Basedow’s disease, 88 
Bedbug, or cimex lectularius, 735 
Bedsore, 177 
Beggiatoa, 541 
Benign tumors, 378 
Beri-beri, 19 
Bezoar stones, 226 
Bigerminal tissue-implantation, 480 
Bile-pigment, 244 
Bilharzia hematobia, 708 
Bilirubin, 244 
Biophores, 62 
Birds, malaria of, 696 
tuberculosis of, 628 
Biting-mite, 784 
Black death. 605 
Black gangrene, 176 
Blackleg, 
Bindder, urinary, papillary epithelioma of, 


Blastomycetes, 668 
Blebs, hemorrhagic, 157 
Blennorrheea, 385 
of the eye, 577 
Blister, 324, 327 
Blood, antibacterial properties of, 104 
coagulation of, 185 
extravasations of, 156, 235 
parasites of, 682, 692, 696 
protective powers of, 114 
Blood-cells, red, new formation of, 298 
white, new formation of, 
Blood-corpuscle cells, 236 
Blood-corpuscles, red and colorless, 294 
Blood-current, slowing of, 188, 189 
Blood-hyalin, 219 
Blood-mole, 497 
Blood-plates, 140 
escape of, from the blood-vessels, 318 
thrombus of, 139 
Blood-poisons, 24 
Blood-serum, bactericidal action, 105 
immunizing power, 113 
Blood-vessels, alterations of walls of, 315 
byaline degeneration of the walls of, 
215 
new formation of, 283 
Body-louse, 735 
Bone, in dermoid cysts, 483 
necrosis of, 360 
pathological new formation of, 363 
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Bone, reproduction of, 288 
Bone-marrrow, reproduction of, 290 
Bones, supernumerary, 525 
Bone-tissue, new formation of, 288 
Bothriocephalus cordatus, 718 
latus, 716 
latus liguloides, 718 
latus Mansoni, 718 
Botryococcus ascoformans, 580 
Botryomyces, 580 
Botryomycosis, 580 
Botrytis Bassiani, 678 
Botulismus, 18 
Brachygnathia, 509 
Brain, concussion of, 16 
development of, 507 
telangiectatic tumor of, 394 
Brain-hernias, 505 
Brain-sand, 223 
Brain-substance in dermoid cysts, 482 
Branchial cysts, 504 
fistulee, 509 
Breast, sce also Vammary gland 
adenoma of, 439, 441 
Breasts, supernumerary, 525 
well-developed, in men, 525 
Bronchial calceuii, 226 
Bronchitis, purulent, 334 
Bronchopneumonia, 334 
Brood-capsules, 711, 712 
Buboes in plague, 605 
Bubonic plague, 604 
Budding-fungi. 668 
Budding of cells, 277 
Burns, 9 
Butter-bacilli, 613 


CACHEXIA, 166 
suprarenal, 90 
thyreoprival, 85 
tumor, 379 
Cadaveric alkaloids. 38 
petechi or lividity, 131, 167 
Cadaverin, 38 
Caleaneus, chondroma of, 387 
Calcification, 220 
Calculi, biliary, 227 
bronchial, 226 
dental, 226 
Intestinal, 226, 230 
prostatic, 227 
salivary, 226 
Urinary 228, 230 
Callus, 262, 352 
'alvarium, atrophy of the, 185 
Cancer, see also under Carednoma, 449 
cells, 451 
cells, hydropie, 190. 467 
cylindrical-celled, 463 
endothelial, 370, 423 
etiology of, 450, 452 
flut-celled, 462 
horny, 463 
medullary, 464 
milk, 451 
plugs, 460, 462 
umbilication, 451 


Cancroids, 458 
Cantharidin, 23 


Carbon-dioxide, influence of, upon devel- 


opment of bacteria, 543 
Carbon-monoxide gas poisoning, 25 
Carcinoma, 449 

acinosum, 464 
adenomatosum, 461, 463 
branchiogenic, 477 
calcification in, 467 
chorionic, 458 

colloides, 466 

cy lindrical-celled, 454, 463 
cylindromatosum, 467 
development of, 449, 453 
different forms of, 462 
durum, 464 

etiology of, 450, 452 
formation of metastases in, 471 
gelatinosum, 466 
giganto-cellulare, 467 
hyaline degeneration in, 467 
infiltration of, 451, 471 
medullare, 464 

metastasis of, 451, 471 
mucosum, 466 

my xomatosum, 467 
papilliferum, 469 


parasites a possible cause of, 450, 452 


petrifying, 468 
physaliferum, 467 
placental, 458 
retrograde changes in, 451 
scirrhosum, 464 
simplex, 464 
solidum, 461 
squamous-celled, 462 
structure of, 460 
tubular, 460 

Carcinomata, 449 
complete petrification of, 468 


Cardiac muscle, new development of, 298 


Caro luxurians, 364 


Cartilage, hyaline, reproduction of, 288 


in dermoid cysts, 482 
pigmentation of, 234 


transformation of, into reticular tis. 


sue, 311 

Caseation, 173 

in tubercles, 618 
Castration, effects of, 90 
Catarrh, 324 

chronic, 363 

desquamative, 327 

mucous, $27 

purulent, 327 

serous, 326 
Cattle. actinomycosis of, 649 

tuberculosis of, 628 

‘attle-pest, 116, 579 

Cattle-plague, 116, 580 
Caustics or corrosive agents, 21 
Cavernous tumor, 395 
Cavity-formation in tuberculosis, 621 
Cebocephalia, 506 
Cell-division, 273 
Cell-protoplasm, division of, 275 
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Cells, hyaline products of, 218 
Central corpuscles, 274 
group, 138 
nersous system, regeneration of, 299, 
02 
Centrosomes, 274 
Cephalocele, 505 
Cephalothoracopagus, 535 
Cercarie, 700 
Cercomonas intestinalis, 681 
Cerebrospinal canal, deficient closure of, 
3 
meningitis, epidemic, 572 
Cerebrum, glioma of, 409 
malformations of, 504 
Cestoda, 705 
Chain-cocci, 540, 559, 561 
Chancre, hard, 682 
soft, 607 
Cheese-poisoning, 18 
Cheesy degeneration, 178 
Cheilo-gnatho-palatoschisis, 508 
Chemicals, as producers of suppuration, 
337 
Chemotaxis, 358, 545 
and chemotropismus, negative and 
positive, 108 
Chemotropismus, 358 
Chicken-cholera, 658 
Chilblains, 10 
Children, predisposition of, 30 
Chills, 95 
Chionyphe Carteri, 655 
Chloasma uterinum, 231 
Chloral hydrate, poisoning by, 29 
Chloroform, poisoning by. 28 
Chloroma, 429 
Chlorosis, Egyptian, 722 
Cholemia, 80 
Cholera, Asiatic, 660 
protective inoculations against, 664 
Cholera-red, 662 
Choleratoxopeptone, 664 
Cholesteatomata, 486, 475 
Cholesterin, 198 
Cholesterin-calculus, 237 
Cholin, 41 
Chondroblasts, 287, 288 
Chondroitin-sulphuric acid, 209 
Chondroma, 386 
Chondromyxoma, 388 
Chondromyxosarcoma, 887 
Chondrosarcoma, 888 
Chordoma, 388 
Chorio-epithelioma, 458 
Chorionic villi, carcinomatous transforma. 
tion of, 458 
Chromatin, 273 
Chromatophores, 233 
Chromosomes, 274 
Chylangioma, 400 
Chylopericardium, 164 
Chyluria, 164 
Cicatricial tissue, 246 
Cicutoxin, poisoning by, 28 
Cimex lectularius, 735 
Cinnabar, in a tattooed skin, 248 
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Circulation, collateral, development of, 
132, 138 
of the blood and of the lymph, dis- 
turbances in, 123 
Cirrhosis of the liver, 365 
Cirrus, 707 
Cirrus-sac of Bothriocephalus latus, 717 
of tenia solium, 707 
Cirsoid aneurism, 397 
neuroma, 412 
Cladothrix, 541 
asteroides, 655 
Clavus, 262 
Cleft-foot, 519 
Cleft-hand, 519 
Cleft of the abdominal wall, 511 
Clefts, 498 
of the face, median, 508 
of the face, oblique, 508 
Climate, influence of, upon man, 34 
Clitoris, malformations of, 515, 528 
Cloaca, formation of, 515 
Clostridium, 540 
butyricum, 582 
Clothing-louse, 735 
Clots, post-mortem, 134 
lardaceous, 184 
Cloudy swelling, 188 
Clubbed-hand, $01 
Club-foot, congenital, 521 
Clustered coech 540 
Coagulation, 134, 317 
Coagulation-necrosis, 172 
Cocaine, poisoning by, 29 
Cocci or coccacer, 50, 559 
pathogenic, 560, 561 
Coccidia, 686 
reproduction of, 686, 689 
Coccidium oviforme, 686 
Schubergi, 689 
Coccus mesenterioides, 560 
Cocey geal region, bigerminal teratoma of, 
7 


Colchicine, poisoning by, 29 
Cold, effects of, 10 
abscesses, 621 
Colds, 11 
Collateral circulation, development of, 132, 
134 
Collidin, 41 
Colliquation-necrosis, 174 
Colloid, 203 
cancer, 466 
different uses of the term, 205 
production of, by epithelial cells, 208 
Color-blindness, 55 
Colorless blood-corpuscles, emigration of, 
316 
increase of, relatively to the red, 316 
marginal disposition of, 316 
Coma diabeticum, 82 
Commotio cerebei, 16 
Compensatory hypertrophy, 8, 260 
of the heart-muscle, 260 
Complement, 118, 119 
Compsomyia, 736 
Conceptional infections, 64 
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Conceptional infections of syphilis, 638 
of tuberculosis, 627 
Concretions, 220 
amyloid, 214 
calcareous, 223, 230 
free, in the body, 226 
uric acid, 230 
Concussions, effects of, 16 
Condyloma acuminatum, 862 
latum, 638 
Congenital predisposition, 47 
Congestion, 129 
Congestive-abscess, 363 
Conglutination, 189 
Conidia-bearers, 672 
Conidia-spores, 669 
Coniine, poisoning by, 29 
Connective tissue, hyaline degeneration 
of, 215 
transformation of, into bone, 312 
Connective-tissue structures, regeneration 
of, 286 
Constitutio epidemica, 33 
pestilens, 38 
Constitutional diseases, 52, 81 
Contagium, definition of, 32 
animatum, 34 
Continuous fever, 94 
Convalescence, 94 
Cor villosum, 828 
Cordyceps militaris, 678 
Corn, 262 
Cornification of epithelium, 206 
Cornu cutaneum, 257 
Cornutin, 28 
Corpora amylacea, 214 
Corpulence, 52 
Corrosive agents, 21 
Corynebacterium, 599 
Cows, tuberculous, milk from, 608 
Crab-louse, 735 
Craniopagus, 534 
frontalis, 535 
occipitalis, 535 
parietalis, 535 
Craniorachischisis, 504 
Cranioschisis, 504 
Cranium, faulty development of, 504 
partial agenesia of, 504 
Crayfish pest, 678 
Crenothrix, 541 
Cretinism, 86 
operative, 87 
Crisis, in fevers, 94 
Crossed embolism, 67 
Croupous exudate, 327 
membrane, formation of, on mucous 
surfaces, 328 
pneumonia, 332, 570 
Cruor, 134 
Cry ptogenic infections, 41, 568 
Cry ptorchismus, 520 
Culicide, 735 
Culture, methods of bacterial, 553 
Curarine, poisoning by, 30 
Cutaneous horn, 257 
Cuterebra cyauiventris, 736 


Cyanosis, 131 
Cyclencephalia or cyclocephalia, 506 
Cyclopia, 506 
Cylindrical-celled cancer, 454 
Cylindromata, 481 
Cystadenoma, 442 
multilocular, 442 
papillary, 446 
Cyst-formation, 251 
Cysticercus bovis, 709 
cellulose, 708 
racemosus, 708 
Cystin, 81 
Cystin-calculi, 230 
Cystocarcinomata, 469 
papilliferum, 469 
Cyst of echinococcus, 711 
Cystofibroma, 447 
Cystomata, 442 
multilocular, 442 
papillary, 442 
simplex, 442 
Cystomyxoma, 447 
Cystosarcoma, 447 
Cysts, branchial, 476, 509 
degeneration, 253 
dermoid, 475 
ectodermal, 475 
entodermal, 475, 476 
mesodermal, 475, 476 
retention, 251 
simple teratoid, 475 
traumatic epithelial, 459 
Cyst-worm, 711 
Cytaster, 278 
Cytoplasm, 219 
Cytoryctes vaccine, 690 


DALTONISM, 55 
Darier’s disease, 690 
Daughter-cysts of echinococcus, 712 
Daughter-stars, 275 
Daughter-tumors, 375 
Deaf-mutism, 55, 56 
Death, 166 
apparent, 168 
Deciduoma, malignant, 458 
Decomposition, 549 
Decubital necrosis, 171 
Decubitus, 171, 177 
Deer-disease, 658 
Defect, 2, 269 
Defervescence, period of, in fevers, 94 
Degeneration, amyloid, 2 
colloid, 208 
fatty, 190, 194 
granular, 188 
glycogenic, 200 
hyaline, 215 
hydropic, 190 
lardaceous, 208 
mucoid, 201 
parenchymatous, 188 
waxy, 173 
Degencrations, 165, 184 
Deiter’s cells, 300 
Demodex, 732, 734 
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Dermanyssus avium, 734 
Dermatobia noxialis, 736 
Dermatocoptes, 734 
communis, 734 
cuniculi, 734 
Dermatocysts, 475 
Dermatoınycosis diffusa flexorum, 678 
furfuracea, 677 
Dermatophagus, 784 
Dermoid cysts, 475, 481 
Dermoids, 475, 486 
Desmobacteria, 540 
Desmoid tumor, 880 
Destructive placental polyps, 458 
Determinants or determining pieces, 62 
Deuterotoxin, 599 
Development, disturbances of, 488 
Diabetes mellitus, 82 
Diabrosis, 157 
Diapedesis, 157, 816, 319 
Diarrhoea, due to coccidia, 690 
Diastatic ferments, 548 
Diastematomyelia, 502 
Diathesis, hemorrhagic, 158 
uric acid, 224 
Dicephalus and diprosopus, 584: 
Digitalin and digitalein, poisoning by, 80 
Diphtheria, 597, 598 
bacillus of, 597 
blood-serum treatment of, 117 
columbarum, 65 
of calves, 659 
of chickens, 659 
of pigeons, 659 
Diphtheritic inflammations, 889 
Diphtheritis, 339 
Diplococci, 559, 578, 579 
Diplococcus intracellularis meningitidis, 
572 
lanceolatus, 570 
pneumonie (Fraenkel, Weichselbaum), 
570 


Diprosopus, 584 - 
Dipygus, 535 
parasiticus, 538 
Disease, extrinsic causes of, 5 
intrinsic causes of, 47 
latency of, 2 
the symptoms of, 2 
Diseases, cause, origin, and course of, 1 
constitutional, 81 
general, 2, 75 
inheritable, 56 
local, 2 
Dispirem, 278 
Displacement of tissue asa cause of tumor- 
formation, 873, 474 
Dispora caucasica, 583 
Distemper of dogs, 580 
Distoma felineum, 703 
hematobium, 708 
hepaticum, 700 
lanceolatum, 701 
pulmonale, 702 
sibiricum, 708 
spathulatum, 702 
estermanni, 702 


Distomia, 509 
Disuse atrophy, 187 
Diverticulum, Meckel’s, 512 
Dochmius duodenalis, 721 
stenocephalus, 723 
trigonocephalus, 723 
Double monsters, 182, 581 
symmetrical, 588 
unequal, 586 
Dracunculus medinensis, 729 
Drill-bone, 892 
Dropsy, 150 
Druse, 650 
Ductus thoracicus, obstruction of, 164 
occlusion, 152 
rupture of, 164 
Ductus omphalomesaraicus, 512 
thyreoglossus, 476 
Duplications, 528 
Duplicitas anterior, 588 
parallela, 536 
posterior, 584 
Dura mater, endothelioma of, 422 
osteoma of, 891 
psammoma of, 480 
Dust-diseases, 15, 862 
Dust-particles, entrance of, into the body, 


metastasis of, 67 
Dwarfs, 52, 179 

formation of, 179 
Dyschromatopsia, 55 
Dyscrasia, 166 

from bacteria, 42 
Dysentery due to amebe, 681 
Dystopia renis, 520 


EBURNEOUS O8TEOMA, 889 
Ecchondrosis, 887 
physalifera sphenooccipitalis, 888 
Ecchymoses, 156 
Echinococcus granuiosus, 713 
hydatidosus, 713 
multilocularis, 714 
scolecipariens, 713 
veterinorum, 718 
Echinococcus-cyst, 712 
Eclampsia, 69 
Ectodermal cysts, 475 
Ectogenic bacteria, 35 
Ectopia cordis, 512 
interna, 520 
intestini, 512 
testis, 520 
vesice urinarie, 512 
Eczema, 574 
marginatum, 676 
By ptian chlorosis, 722 
astic fibres, development of, 287 
Electric discharges, powerful effect of, 13 
Elephantiasis, 256 
Grecorum, 689 
hemangiomatosa, 256 
lipomatosa, 256 
lymphangiectatica, 256 
ncuromatosa, 236 
Embolism, 66, 148 


E 
E 
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Embolism, crossed, 67 
paradoxical, 67 
retrograde, 67 
Embolus, riding, 70 
septic, 148 
straddling, 70 
Embryoid tumors, 484 
Embryoma, 483 
Embryonal tissue, transplantation of, 307 
Embryonic tissue, 286 
development of, in a thrombosed ar- 
tery, 351 
Emigration of white cells, 316 
Emphysema of the skin, 72 
Emplıysematous gangrene, 176, 603 
Empusa, varieties of, 678 
Empyema, 395 
Encephalocele, 505 
Encephalomeningocele nasofrontalis, 505 
Enchondroma, 886 
End-artery, 132, 160 
Endocarditis, 567 
Endochondritis syphilitica, 637 
Endothelioma, 420 
hemangiotic, 397 
lymphangiotic, 408 
Endothelial cancer, 423 
Endothelium, proliferation of, 284 
Engastrius, 588 
Enostoses, 389 
Enterocysts, 477 
Enterogenous intoxication, 79 
Enteroliths, 226 
Entodermal epithelial cysts, 476 
Entogenic bacteria, 35 
Entozoa, 45 
Enzymes, 100, 105, 548 
Eosinophile cells, 218, 219 
Ephelides, 401 
Epidemic, definition of, 32 
Epidermoids, 437 
Epigastrius, 538 
Epignathus, 538 
Epipygus, 538 
Epispadias, 514 
Epistaxis, 156 
Epithelial cysts, ectodermal, entodermal, 
and mesodermal, 475 
after transplantation, 308 
dermoid, 475, 481 
epidermoid, 475 
traumatic, 459 
Epithelial pearls, 207, 463 
Epithelioid cells, 297, 344, 609 
Epithelioma, 434 
contagiosum, 687 
papillary, 434 
Epithelium, atypical growth of, in carci- 
noma, 449 
hyperplasia of, 280 
metaplasia of, 312 
misplaced. development of a cancer 
from, 458 
pathological cornification of, 206 
protective powers of, 99 
regeneration and hyperplasia of, 280 
transplantation of, 806, 475 


Epizoa. 45 

Ergotism, 23 
Erysipelas, 562 
Erythema multiforme, 567 
Erythrasma, 677 
Erythroblasts, 293 
Erythrocytolysis, 135 
Erythrocytorrhexis, 135 
Erythrocytoschisis, 134 
Ether, poisoning by, 28 
Ethmocephalia, 506 


Ethmoid bone, osteoid sarcoma of, 429 


Eurotium, 671 
malignum, 671 
Eustrongylus gigas, 723 

Eventration, 512 
Exencephalus, 505 


Exhaustion due to excessive functional 


activity of an organ, 7 _ 
Exhaustion-theory of immunity, 112 
Exostosis, 389 
cartilaginous, 390 
copnective-tissue, 390 
Exstrophia intestini, 512 
vesice urinarie, 512 
Extravasate, 156 
Extravasations of blood, 156, 235 


Extremities, defective development of, 


516 
duplication of, 523 
Exudate, cellular, 334 
croupous, 327 
fibrinous, 327 
fibrinopurulent, 836 
hemorrhagic, 332 
purulent, 335 
serofibrinous, 827 
serous, 326 
Exudates, absorption of, 341 
Eye, regeneration processes in, 303 


Face, malformations of, 508 
Facial hemiatrophy, 187 
Facies leontina in leprosy, 641 
Facultative anatrobes, 543 
Fallopian tube, dropsy of the, 118 
Farcy, 644 
Fastigium, 94 
Fat-embolism, 69 
Fat-granule cells, 196, 197 
Fats, the, 198 
Fat-tissue, atrophy of, 193 
new-formation, 290 
Fatty degeneration, 194 
deposit, 191 
Favus, 675 
Febris continua, 94 
intermittens, 94 
recurrens, 95 
remittens, 94 
subcontinua, 94 
Feet, abnormal positions of, 516, 521 
Felt-louse, 735 
Femur, absence of, 518 
Fermentation, 549, 550 


Ferments, diastatic and inverting, 548 


Ferret-disease, 658 
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Fever, 92 
bactericidal action of, 110 
continuous, 94 
etiology, 96 
intermittent, 94 
malarial, the cause of, 692 
relapsing, 95, 666 
remittent, 94 
stages, 93 
yellow, cause of, 606 
Fibrillated connective tissue, development 
of, 287 
Fibrin, 135 
Fibrin-ferment, 136 
Fibrinopurulent exudates, 331, 386 
Fibrinous deposits, 327 
exudates, 827 
Fibro-adenoma, 440 
conversion of, into a carcinoma, 455 
intracanalicular, 441 
papilliferum, 441 
pericanalicular, 881 
Fibroblasts, 287 
Fibrolipoma, 384 
Fibroma, 380 
intracanaliculare, 441 
multiple, 881, 412 
cedematous, 381 
papiilare, 441 
pericanaliculare, 381 
Fibromatosis of the nerves, 412 
Fibromyoma, 406 
Fibronıyxoma, 382 
Fibrosarcoma, 418 
Filaria Bancrofti, 164, 730 
hwematica, 730 
medinensis, 729 
papillosa, 730 
sanguinis hominis, 164, 729 
Filar mass, 278 
Fingers, dwarfing of, 519 
malformations of, 519 
Finkler-Prior spirilla, 664 
First intention, repair by, 346 
Fislı-poisoning. 19 
Fission-fungi, 540 
methods of examining, 558 
pathogenic, 551 
Fissura abdominalis, 511 
abdominalis intestinalis, 512 
genitalis, 512 
sterni, 512 
vesicıe urinarie, 512° 
Fistula colli congenita, 509 
Fistulous tracts, 336 
Flagella, 541 
Flagellates, 681, 683 
Flat foot, 521 
Flea, or pulex irritans, 735 
Flemming's germ-centres, 298 
Flesh-thrombus, 497 
Fleshy moles, 401 
wart, 402 
Flies, biting ((Estride), 735 
common (Stomoxyide), 735 
stinging (Muscidw), 736 
Fetal glands, persistence of, 476 


TAT 


Foetal glands, remains, development of a 
cancer from, 458 
Foetus papyraceus, 532 
syphilitic infection of, by either the 
sperm or the ovum, 688 
Food, cffects of lack of, 6 
Foot-and-mouth disease, 580 
Foot, cleft, 519 
Foreign body in inflammation, 353 
in cyst, 253, 358 
in giant-cell, 358 
Formative cells, 287 
stimuli, 270, 271 
Fowls, typhoid of, 658 
Fractures, effects of, 288 
Fragmentation, 276 
Freckles, 232 
Freezing, effects of, 10 
gangrene due to, 176 
Frettchenseuche, 658 
Friedländer’s pneumobeetHus, 595 
Frog faetus, 504 
Fructification, act of, 61 
Fuchsinophile bodies, 218 
Fungous granulations, 864 
Fungus medullaris, 368 
Furuncle, 574 


GADININ, 549 
Gall-ducts, adenocystoma of, 443 
Gall-stones. 226, 227 
Ganglion-cells, new-formation of, 299 
Gangrene, 175 

emphysematous, 176, 608 

due to freezing, 176 

due to heat, 176 

infectious, 177 

marasmic, 177 

neuropathic, 177 

pressure, 177 

putrid, 176 

senile, 176 

symmetrical, 177 

toxic, 177 
Gangrenous inflammation, 340 
Gas, irrespirable, 22 
Gas-phlegmon, 603 
Gastropachia pini. 678 
Gastrophilus equi, 736 

hemorrhoidalis, 736 

pecorum, 736 
Gastroschisis, 511 
Genitals, external, development of, 530 

malformations of, 514 
Germ-centres of Flemming, 293 
Germ-sac, intermediary, 700 

primarv, 700 

secondary, 700 
Germ-variation, primary, 60, 489 
Germinal anlage, misplaced, 474 
Giant-cell sarcoma, 418 
Giant-cells, 276, 358 

embolism of, 69 

foreign body, 358 

in tubercles, 610 

multinuclear, 276, 358 
Giant growth, general, 52, 255, 522 
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Giant growth, partial, 255, 522 

Giants, 52, 255 

Giraldés, organ of, 529 

Gland-activity, cessation of, 82 

Glanders, 644 

Glia-cells, new-formation of, 300 

Glioma, 408 

Glycogen, 199 

Glycosuria, 82 

Gnats (Culicide and Tipulid®), 735 

Goblet-cells, 201, 447 

Gonococcus, 576 

Gonorrhea, cause of, 576 

Gout, 52 

Gouty deposits, 224 

Granula, 218 

Granular degeneration, 188 

Granulation tissue, 843 
formation of, 344 

Granulations, chronic, 363 
fungus, 364 

Granulation tumors, infectious, 363 

Granules, hyaline, 206, 218 
nuclear, 273 
the so-called, 218 

Granulomata, 364 

Grape-mole, 497 

Gravel, 228 


Greenish coloration in decomposing ca- 


davers, 168, 242 
Grossammen, 700 
Growth, causes of, 270 
Guinea-worm, 729 
Gummata, 634 
Gynecomastia, 525 


HEMAM(EBA LEUKEMLE, 682 
Hemangio-endothelioma, 425 
Hemangioma, 893 
cavernosum, 395 
hypertrophicum, 397 
simplex, 393 
Heemangiotic endothelioma, 397 
Heemangiosarcomata, 424 
Hzematemesis, 156 
Hemathidrosis, 156 
Hematocele, 157 
Hematochy luria, 780 
Hematoidin, 236 
Hematoma, 156 
Hx&matometra, 157 
Heematozoa, 698 
Hematuria, 156 
Hsmochromatosis, 235 
Hemofuscin, 231, 233 
Hemoglobin, 236 
Hemoglobinemia, 239 
Hemoglobinuria, 239 
Hremolysin, 118 
Hemopericardium, 157 
Hemophilia, 158 
acquired, 158 
congenital, 56, 158 
Hemoptoé or hemoptysis, 156 
Hemorrhage, 156, 236 
diabrosin, 157 
diapedesin, 157 


Hemorrhage, rhexin, 157 
Hemorrhagic septicemia, 658 
Hemosiderin, 237 
Hemosiderosis, 287 
Hemosporidia, 692 
Hemothorax, 157 
Hairs in dermoid cysts, 475, 481 
Hairy polypi, 479 
tongue, 207 
Halteridium, 696 
Hand, cleft, 519 
malformations of, 516 
llands, abnormal positions of, 521 
Hanging-drop cultures, 554 
Harelip, 508 
Harvest-mite, 732 
Hay-fever, 49 
Head, malformations of, 504 
Head-louse, 735 
Healing powers of the human body, 108 
serum, 118 
Heart, action of, 123 
disturbed action of, 124 
fibroid area in, 353 
increased action of, 126 
Heart-muscle, compensatory hypertrophy 
ol, 
hypertrophy of, 126 
pigment of, 238 
rigor mortis of, 168 
Heart poisons, 28 
Heart-poly pi, 144 
Heat-exhaustion, 9 
Heat-stroke, 9 
Helleborin, poisoning by, 30 
Helvellic acid, poisoning by, 26 
Hemiatrophy, congenital, 187 
facial, 187 
infantile, 187 
Hemicrania, 504 
Hepatitis, chronic, 865 
Hereditary pieces or determinates, 62 
Hereditary transmission, atavistic, 58 
collateral, 58 
direct, 57 
pseudo-form of, 65 
Heredity, degenerative, 57 
identical, 57 
transformational, 57 
Hermaphrodism, false, 528 
true, 527 
Hernia basalis, 506 
cerebri, 505 
funiculi umbilicalis, 511 
lateralis, 506 
nasoethmoidalis, 506 
nasofrontalis, 506 
occipitalis, 505 
sphenoorbitalis, 506 
sphenomaxillaris, 506 
sphenopharyngea, 506 
syncipitalis, 506 
umbilical, 511 
Herpes tonsurans, 676 
Herpetomonas Lewisii, 683 
Heterakis, 720 
Heterotopous tissue-growths, 474 
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Histoid tumors, 367 
Hog-cholera, 658 
Holorachischisis, 499 
Holoschisis, 273 
Homo delinquens, 58 
sapiens, 54 
Hook-worm, 721 
Horn, cutancous, 257, 485 
Horny warts, 257, 434 
Horse-flies (Tabanide), 785 
Humerus, osteochondroma of, 888 
Hunterian induration, 682 
Hyalin, connective-tissue, 219 
epithelial, 203, 206 
Hyaline cartilage, reproduction of, 288 
Hyaline degeneration, 215 
of connective tissue, 215, 219 
of connective tissue of heart, 217 
of connective tissue of vessel-wall, 217 
Hyaline exudations, 219 
products of connective-tissuc cells, 
218, 219 
thrombi, 219 
tissue-necrosis, 219 
Hydatid mole, 496, 497 
Hydatids, 711 
Hydrencephalocele, 505 
Hydrocele colli congenita, 510 
Hydrocephalus, 507 
Hydrocyanic-acid poisoning, 25 
Hydrogen-sulphide poisoning, 25 
Hydromeningocele, 501 
Hydromyelocele, 501 
Hydropic degeneration, 190 
Hydrops, 1 
adiposus, 154 
chylosus, 154 
Hydroraclıis, 499 
Hydrothorax chylosus, 164 
Hygroma colli congenitum, 400 
Hyoscyamine, poisoning by, 29 
Hy pereemia, active, 129 
local, 129 
passive, 180 
venous, general, 130 
Hyperkeratosis, 207 
Hypermastia, 525 
Hyperonychia, 257 
Hy perostosis, 368 
Hyperplasia. 255 
Hyperthelia, 525 
Hy perthyreosis, 88 
Hypertrichosis, 257 
Hypertrophy, 255 
compensatory, 261 
due to lessened use, 261 
due to over-work, 8, 260 
due to non-resolution, 261 
due to removal of pressure, 262 
inflammatory, 262 
of a muscle or gland, 8 
of the tissues and organs, 255, 258, 260 
Hyphe, 43 
Hyphomycetes, 667 
Hypochondria. 17 
Hy poderma bovis, 736 
Hy poplasia, 178 
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Hyposarca, 150 

Hy pospadias, 514 

Hy postasis, 131 
post-mortem, 131, 167 

Hy postatic congestion, 131 

Hysteria, 17 


IcHTHYOSIS, 256 
congenita, 256, 257 
hystrix, 257 
Ichthyotic warts, 257, 488, 434 
Ichthyotoxin, 19 
Icterus, 244 
neonatorum, 244 
Idiosyncrasy, 49 
Immune-body, 119 
Immune-sera, 119 
Immunity, 47, 99 
acquiring of, 111 
Ehrlich’s theory of, 114, 117 
Immunization, active and passive, 114 
Implantation, 305, 808, 480, 486 
bigerminal, 480 
monogerminal, 480 
Inclusio feetalis, 538 
Indolent ulcers, 363 
Induration, Hunterian, 682 
Infarct, anemic, 160 
embolic, 161 
hemorrhagic, 161 
healing of, 162, 352 
Infection, 38, 89 
by means of animal parasites, 45 
cryptogenic, 41, 568, 575 
double, 41 
hematogenous, 41 
intra-uterine, 40, 552 
origin of disease through, 89 
protection against. 99, 101 
secondary, 41. 626 
spread of, by mosquitos, 46, 697, 730 
spread of, from mother to fetus, 40, 
64, 552 
Infectious diseases, 81 
healing of, 109 
local, 89 
inheritance of, 64 
Infectious foci, metastatic, 39 
Infiltration, 321 
growth of tumors by, 375 
purulent, 385 ° 
serous, 326 
small-celled, 334 
Infiltrations of the tissues, 165, 321 
Infiltrative mode of growth of carci- 
nomata, 451 
Inflammation, 314 
catarrhal, 326, 335 
chronic, 360 
clinical significance of the term, 318 
different forms of, 326 
diphtheritic, 839 
fibrinous, 327 
interstitial, 323 
necrotic, 338 
parenchymatous, 324 
superticial, 324 
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Inflammation, suppurative, 335 
termination of, 341 
Influenza-bacillus, 596 
Infusoria, 681 
Inheritance of pathological peculiarities, 
Initial sclerosis, 632 
Injection of sterilized cultures, 113 
Innervation, disturbances of, 16, 17, 77 
Inoculation, 111 
Inoculation of attenuated specific disease- 
gerins, 112 
Insanity, inherited, 53 
Insecta, 785 
Insects, 46, 735 
Insolation, 9 
Insusceptibility to poisons, 100 
Interfilar mass, 278 
Intermediary body, 119 
Intermittent fever, 94 
Internal secretion, 82 
Interstitial] inflammation, 323 
Intestinal intoxications, 38 
mucous membrane, adenoma-like pro- 
jection of, 476 
Intestine, abnormal positions of, 511, 520 
tubular adenoma of, 488 
Intoxication, origin of diseases through, 
18, 78 
Invasion-disease, 45 
Inversio intestini, 512 
vesic® urinariw, 513 
Iodothyrin, 87 
Iron, assimilation of, 243 
deposit, 240 
insufficiency of, 7 
reaction, 237 
Iron-free pigments, 236, 242 
Irradiation, 13 
Ischemia, localized, 132 
Ischiopagus, 534 
Isolysin, 119 
Isthmus, the, of aorta, 127 
Itch-mite, 731 
Ixodes ricinus, 733 


JANICEPS, 535 
Janus-head, 535 
Jarrings of the uterus as a cause of mal- 
formations of the embryo, 489 
Jaundice, 244 
Jaw, upper, actinomycosis of, 653 
giant-cell sarcoma of, 419 
lower, absence of, 509 


KAKERLAKEN, 200 
Kakke, 19 
Karyokinesis, 273 
Karyolysis, 169 
Karyomitosis, 273 
Karyorrhexis. 169 
Kedani disease, 734 
Kephir, 582 
Kephir-ferment, 582 
Keloid, 882 
Keratin, 206 
Keratohyalin, 206 


Keratosis follicularis, 690 

Kidney, amyloid degeneration of, 212 
arteriosclerotic atrophy of the, 186 
cloudy swelling of, 189 
compensatory hypertrophy of, 282, 


contracted, 364, 365 
cystoma of, 444 
deposits of fibrin in the, 332 
senile atrophy of, 186 
streptococcus infection of, 568 
tubular adenoma of, 440 
Kinetoses, 17 
Kribbelkrankheit, 23 
Krumelzellen, 354 
Krystallwulst, 308 


LABIA MAJORA and minora, defective de. 


velopment of, 515 
Labium leporinum, 508 
Lardaceous degeneration, 208 
spleen, 208 
Larynx, papillary epithelioma of, 435 
syphilitic ulceration of the, 636 
Latency of disease, 2 
Lead- poisoning, 28 
Lead, deposit of, 249 
Leiomyoma, 404 
Lens, regeneration of, 308 
Lentigines, 282, 401 
Leontiasis ossea, 258, 523 
leprosa, 641 
Lepra (or leprosy), 689 
anzsthetica, 642, 643 
maculosa, 642 
mutilans, 642, 643 
nervorum, 643 
nodosa, 642 
tuberosa sive tubereulosa, 642 
ulcerosa, 642 
Leprosy, 639 
white, of the Jews, 251 
Leptothrix, 540 
Leptus autumnalis, 732, 734 
Leucoblasts, 204 
Leucocytes, 106, 110, 334. 335, 344, 356 
emigration of, 816, 325, 353 
new-formation of, 292 
varieties of, 294 
Leucoderma, 250 
Leuconostoc mesenterioides. 560 
Leucopathia acquisita, 250 
congenita, 250 
Leucotrichia, 250 
Leukemia, 682 
Leydenia gemmipara, 683 
Lice, 735 
Life-trophoblasts or biophores, 62 
Light, effects of, 13 


influence of. upon development of 


bacteria, 543 
Lightning figures, 14 
Lightning stroke, 13 
Linguatulidee, 731 
Lip, carcinoma of, 454 

malformations of, 508 
Lipochrome, 231, 233 
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Lipofibroma, 384 
Lipoma, 384 
Lipomatosis, 52, 191 
Lipomyxoma, 884 
Liquefaction-necrosis, 174 
Lithocelyphopzsdion, 498 
Lithocely phos, 498 
Lithopdion, 498 
Liver, abscess of, 681 
amyloid degeneration of, 209, 211 
angioma cavernosum of, 895 
chronic inflammation of, 365 
cirrhosis of, 865 
coccidia, disease of, 686 
corset, 187 
cystoma of, 443, 444 
foamy, 603 
gumma of, 685 
multilocular adenocystoma of, 444 
Liver-fluke, 700 
Livores, 181, 167 
Lucilia macellaria, 736 
Lungs, actinomycosis of the, 651 
brinous exudates in the, 882 
induration of, 362 
mould-fungi in the, 671 
red hepatization of the, 832 
syphilitic disease of the, 637 
tuberculosis of the, 616, 619, 620, 622, 
628 
Lupus of the skin, 617 
Lustgarten’s bacillus of syphilis, 681 
Luxations, congenital, 521 
Lymph, antibacterial properties of, 104 
formation of, 151 
hindrance of flow of, 152 
Lymphadenoid tissue, reproduction of, 
290, 291 


Lymphangioma, 899 

cavernosum, 

cysteides, 899 

hypertrophicum, 400 

simplex, 399 
Lymphangiosarcoma, 420 
Lymphangoitis, 40 
Lymph-fistula, 164 
Lymph-glands, action of, as filters, 104 
Lymphorrhagia, 163 
Lymphosarcoma, 416 
Lysis, in fever, 94 . 
Lysogenous substance of Fränkel, 109 


MACROCHEILIA, 400 
Macrogamete, 689, 698 
Macroglossia, 400 
Macrostomia, 509 
Madura disease or Madura foot, 655 
Maidismus, 38 
Malanders, 784 
Malaria, 692 

forms of, 692 

in animals, 696 

piasmodia of, 693 

the cause of, 692 
Malformations, 488 

congenital, 488 
Maliasmus, 644 
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Malignant adema, 602 
tumors, 379 

Mallein, 646 

Malleus, 644 

Mal perforant, 177 

Mammary gland, adenoma of, 489 
carcinoma of, 462, 464 
endothelioma of, 423 
intracanalicular fibroma of, 441 
mucous carcinoma of, 465, 466 
papillary cystocarcinoma of, 827, 
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papillary cystoma of, 448 
tubular adenoma of, 489, 457 
Marasmic thrombi, 144 
Marasmus, 6, 166 
Margarin crystals, 199 
Mast-cells, 218 
Mastoid antrum, cholesteatomata in, 486 
Measles of tenis, 708 
Meat-poisoning, 18, 38 
Meckel’s diverticulum, 512 
Mediastinal dermoids, 476 
Medullary cancer, 464 
Megastoma entericum, 682 
intestinale, 682 
Melsna neonatorum, 159 
Melanin, 2333 
Melanomata, 400 
Melanosarcomata, 428 
Melanosis of internal organs, 234 
Melasma suprarenale, 
Membrane, pyogenetic, 853 
Meningitis, epidemic cerebrospinal, 572 
Meningocele, 500, 505 
Meningococcus, 572 
Meningo-encephalitis sy philitica, 634 
Meningo-encephalocele, 505 
Menorrhagia, 156 
Merismopedia, 540, 541, 559 
Merorachischisis, 499 
Merozoites, 689, 698 
Mesodermal epithelial cysts, 476 
Metabolism, bacterial, 548 
Metaglobulin, 141 
Metakinesis, 274, 278 
Metamorphosis, viscous, 189 
Metaplasia, epithelial, 812, 578 
of the tissues, 310 
Metastasis, 66 . 
direct, 67 
formation of, in carcinomata, 451 
hematogenous, 66 
in tuberculosis, 623 
lymphogenous, 66 
of pigment, 72 
paradoxical, 67 
retrograde, 67 
Metastatic daughter-tumors, 70, 875 
infectious foci, 71 
inflammations, 66 
Methemoglobin, 289 
the formation of, 26 
Methemoglobinuria, 239 
Methyl guanidin, 88 
Metrorrhagia, 156 
Miasm, definition of, 82 


152 


Miasmatic-contagious disease, definition 
of, 3 
Miasms and contagions, boundary-line be- 
tween, 35 
Micrencephalon, 53 
Micrencephalus, 180, 505 
Microbacteria, 540 
Microbrachius, 516 
Microgamete, 689, 698 
Microcephalus, 180, 505 
Micrococci, 540, 559 
Micrococcus ascoformans, 580 
aurantiacus, 560 
botryogenes, 580 
cyaneus, 560 
gonorrher, 576 
heematodes, 560 
in meningitis, 572 
in mycofibroma, 580 
in mycosis of parrots, 580 
in pseudotuberculosis of guinea-pigs, 


luteus, 560 
of foot-and-mouth disease, 580 
of hemoglobinuria of cattle, 580 
of lung-disease of horses, 579 
pathogenic, 560, 561 
pyogenes, 573 
pyogenes of rinderpest, 579 
tetragenus, 560 
tetragenus of udder-disease, 580 
ures, 560 
violaceus, 560 
viscosus, 560 
xantogenicus, 607 
Microgametocyte, 689, 698 
Microgyria, 180 
Micromelus, 516 
Micromyelia, 53 
Micropus, 516 
Microsomes, 278 
Microsomia, 496 
Microsporon furfur, 677 
minutissimum, 677 
Microstomia, 509 
Miescher, sacs of, 688 
Miliary tubercles, 611, 616, 624 
tuberculosis, hematogenous, 625 
Milk from tuberculous cows, 608 
Mineral poisons, 18 
Miracidium, 700 
Missed labor, 498 
Mites, 731, 734 
Mitome, 278 
Mitosis, 273 
Mole, 400 
hairy. 400 
hydatid, 497 
pigmented, 400 
Modller’s or Barlow’s disease, 158 
Molluscum bodies, 687 
Monas lens, 682 
Monilia candida, 672 
Monobrachius, 516 
Monogerminal tissue-implantation, 480 
Monomorphous bacteria, 540 
Monopus, 516 


GENERAL INDEX. 


Monsters, 488 
double, 494, 531 
triple, 581 
Morbus Addisonii, 89, 231 
maculosus Werlhofii, 158 
Morgagni, hydatid of, 529 
Morphine, poisoning by, 29 
Morphea nigra et alba, 642 
Mosquitos, agency of, in spreading curtain 
diseases, 48. 697, 730 
Mother-star, 274, 277 
Mouldering, 550 
Mould-fungi, 668, 669 
Mouth, development of, 510 
malformations of, 509 
Mucins, the, 202 
Mucor corymbifer, 671 
pusillus, 673 
ramosus, 873 
rhizopodiformis, 673 
Mucorini, disease-producing, 43 
Mucous degeneration, 201 
membranes, carcinoma of, 454 
membranes, papillary epitheliomata 
of, 435 
tissue, reproduction of, 291 
Muguet, 670 
Müller’s duct, 529 
Multiple fibromata of the skin, 54, 412 
Mummification, 176 
Muscardine in silkworms, 678 
Muscarin, poisoning by, 80 
Muscide, 726 
Muscle, atrophy of, 185 
heart, hypertrophy of, 266 
heart, new-formation of, 298 
in dermoid cysts, 482 
. non-striated, hypertrophy of, 298 
non-striated new-formation of, 298 
striated, hypertrophy of, 260 
striated, new-formation of, 296 
waxy degeneration of. 173 
Muscle-trichina, 727 
Muscles, cadaveric stiffening of, 168 
supernumerary, 525 
Muscular system, pathological changes in 
the, 53 
Mussel poisoning, 19 
Mycelium, 669 
Mycetoma, 655 
Mycobacterium tuberculosis, 613 
Mycoderma albicans, 672 
Mycodesmoid, 580 
Mycofibroma, 580 
Mycoprotein, 541 
Mycosis of alimentary tract, 670 
of respiratory tract, 670, 673 
of skin, 675 
versicolor, 677 
Mycosozin, 105 
Myelocele, 501 
Myelocystocele, 501 
Myelocystomeningocele, 502 
Myelocysts, 477 
Myelomeningocele, 500 
Myiasis, 736 
Myofibroma, 406 
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Myolipoma inside the vertebral canal, 
474 

Myoma, 404 
levocellulare, 404 
striocellulare, 406 

Myosarcoma, 407 

Myositis ossificans, 58, 392 

My xoangiosarcoma, 481 

Myxadema, 86 

Myxofibroma, 883 

Myxolipoma, 383 

Myxoma, 382 

My xosarcoma, 382 


N2ZVUS8S FLAMMEUS, 894 
lymphaticus, 400 
pigmentosus, 400 
pilosus, 400 
prominens, 395, 400 
spilus, 400 
vaseulosus, 895 
verrucosus, 395, 400 
vinosus, 394 
Nanosomia, 496 
Nasal muscous membrane, lymphosar- 
coma of, 416 
Navel stone, 227 
Neck, malformations of, 508 
Necrobiosis, 171, 173 
Necrosis, 169 
anemic, 170 
cheesy, 173 
coagulation, 172 
colliquation, 178 
decubital, 177 
direct, 171 
indirect, 171 
marasmic, 171 
mummifying, 176 
neuropathic, 170, 177 
senile, 176 
thermal, 176 
Nemathelminthes, 718 
Nematoda, 718 
toxic, 177 
Nematodium ovis pulmonalis, 723 
Nerve- and heart-poisons, 28 
Nerve elements, new formation of, 299 
Nerve-fibres, peripheral, new formation 
of, 303 
peripheral, pathological changes in, 
54 


Nerves, fibromata of, 412 
fibromatosis of, 412 
leprosy of, 642 
regeneration of, 301 

Nervous system, central, 

changes in the, 53 

Neurasthenia, 17 

Neuridin, 38, 549 

Neurin, 38, 549 

Neuroepithelioma, 409 

Neurofibroma, 411 

Neuroglia, hypertrophic growth of, 300 
regenerative growth of, 300 

Neuroglioma ganglionare, 409 
gliomatosum microcysticum, 410 


40 


pathological 


153 


Neuroma, 411 
umputation, 802, 411 
amyelinicum, 413 
cirsoid, 412 
ganglion cellulare verum, 413 
myelinicum, 412 
plexiforme, 412 
verum, 412 
Neuropathic atrophy, 187 
gangrene, 177 
necrosis, 170 
Neuroses, traumatic, 17 
Neurotization, 302 
Nicotine, poisoning by, 29 
Nitrate. of-silver poisoning, 23 
Nitrobacteria, 549 
Nitrogenous nourishment, importance of, 6 
Nitrous oxide, poisoning by, 28 
Nodes, gouty, 225 
Normal serum, 117 
Nuclear contents, 273 
framework, 278, 278 
granules, 278, 278 
Nuclear division, asymmetrical, 275 
atypical, 275 
direct, 273, 276 
indirect, 278 
plueripolar, 275 
segments, 274 
spindle, 274 
Nuclein, 278 
Nucleinic acid, 106 
Nucleus, composition of the, 278 
Nutrition, retrograde disturbances of, 165 


OsesiTy, 52, 191 
Obligate anatrobes, 543 
Obturating thrombus, 144 
Ochronosis of cartilage, 284 
Odontoma, 389 
(Edema and dropsy, 150 
cachectic, 158 
collateral, 158 
due go obstruction of thoracic duct, 
15: 
ex vacuo, 153 
hydremic, 158 
inflammatory, 158 
malignant, 
purulent, 336 
stagnation, 152 
(Bsophagus, growth of apnthe upon the, 
670 


CEstride, 736 
(Estrus bovis, 736 
ovis, 736 
Oldium albicans, 672 
subtile cutis, 678 
Olein, 198 
Oligomorphous bacteria, 540 
Omentum, tuberculosis of, 626 
Omphalocele, 511 
Omphalomesenteric cyst, 513 
duct, 512 
Oncosphera, 717 
Onychogry phosis, 257 
Onychomycosis favosa, 676 
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Onychomycosis trichophytina, 676 
Oöcyst, 686, 689, 698 
Oökinete, 697, 698 
Opium and morphine, poisoning by, 29 
Organs, weight of, 259 
volume of, 259 
Osteoarthropathie hypertrophiante, 263 
Osteoblasts, 290 
Osteochondroma, 888, 391 
Osteofibroma, 891 
Osteoid sarcoma, 480 
of ethmoid, 429 
trabecule, 480 
Osteoma, 389 
dental, 389 
disconnected, 889 
durum seu eburneum, 389 
heteroplastic, 389 
medullare, 389 
parostcal, 389 
spongiosum, 389 
Osteomyelitis, 574 
Osteophyte, 389 
Osteoporosis, 183, 184 
Osteosarcoma, 419 
Ovary, adenocystoma of, 445 
ermoid cysts of, 481 
multilocular adenocystoma of, 448 
papillary cystadenoma of, 445, 447 
papillary cystocarcinoma of, 470 
cystoma of, 
teratomata of, 483 
Over-exertion, 7 
Over-heating, 9 
Overwork, hypertrophy from, 260 
Oxidation, intra-organic, 91 


Oxygen, effects of a diminution in the 


supply of, 5 


influence of, upon development of 


bacteria, 543 
Oxyuris vermicularis, 720 


PACHYAKRIA, 263 
Packet-shaped cocci, 540, 560 
Paget's disease, 690 
Palate, malformations of, 508 
Palmitin, 198 
Pancreas, cyst of the, 252 
diabetes after extirpation of, 83 
Papillary adenomata, 440 
conversion of, into a carcinoma, 456 
cystomata, 446 
epitheliomata, 434, 436 
Papilloma, 380 
Paracholia 245 
nervous, 245 
Paradoxical embolism, 67 
Parakeratosis, 207 
Paralysins, 110 
Paramecium coli, 681 
Paramitome, 278 
Paramucin, 203 
Paraplasm, 278 
Parasite (in the case of twins), 536 
Parasites, 31 
animal, 679 
formation of cysts by, 253 


Parasites, metastasis of, 71 
Parasitic diseases, 33 
infection, 33 
Parasitism, origin of disease through, 31, 
33 


Parenchymatous cells. embolism of, 69 
Parenchymatous degeneration, 188 
inflammation, 824 
Parietal thrombus, 144 
Parotid gland, angiosarcoma of, 426 
chondrofibroma of, 426 
chondromy xosarcoma of, 887 
my xoangiosarcoma of, 431 
Parosteal osteomata, 389 
Parrots, mycosis of, 580 
Pathology and pathological anatomy, the, I 
clinical, 3 
general, definitioz of, 1 
problems of, 1 
Pear! disease, 628 
tumors, 486 
Pearls, epithelial, 207, 486, 463 
Pediculus capitis, 735 
pubis, 785 
vestimentorum, 735 
Pellagra, 19, 38 
Penis, duplication of, 525 
stunting of, 514 
Pentastoma, 731 
denticulatum, 788 
teenioides, 738 
Peptotoxin, 549 
Peribronchitis, 834 
Peripheral nerves, pathological changes 
in, 
Perithecia, 673 
Perithelioma, 426 
Peritoneum, cystic lymphangioma of, 400 
Peritrichous flagella, 602 
Perlsucht, 628 
Pernicious malaria, 694 
Perniones, 10 
Perobrachius, 516 
Perochirus, 519 
Perodactylism, 519 
Peromelus, 516 
Peropus, 516, 519 
Perturbatio critica, 94 
Pes calcaneus, 521 
equinovarus, 521 
valgus, 521 
Pest, 604 
bacillus, 604 
Pestilence, definition of, 32 
Petechi®, 156 
Petrifaction, 220 
in carcinomata, 468 
Petrifying sarcoma, 430 
Phagocy tes, 99, 103. 356 
Phagocytosis, 99, 103, 356 
Phallin, poisoning by, 26 
Phimosis, hypertrophic, 515 
Phleboliths, 146, 227 
Phlegmon, 336 
wooden, 568 
Phloridzin diabetes, 84 
Phocomelus, 516 
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Phosphorescent phenomena, 549 
Physalides, 467 
Physiology, pathological, 1 
Pia mater, cholesteatomata of the, 437 
Pigeon-diphtheria, 659 
Pigment. autochthonous, 231 
extrinsic, 248 
hwmatogenous, 235 
metastasis of, 73 
pathological absence of, 250 
pathological formation of, 231 
Pigment-atrophy, 183 
Pigment-carrying cells, 286, 237 
Pigment-granule spheres, 357 
Pigmented mole, 400 
warts, 400 
Piroplasına bigeminum, 696 
Pithead tapeworm, 716 
Pityriasis, 675 
versicolor, 677 
Placental cells, embolism of, 69 
infections, intra-uterine, 552 
polyp, malignant, 458 
veg carcinomatous transformation, 
4 


Placentoma, 458 
Plague, bubonic, 604 
Plasma-cells, 354 
Plasmodium malarise, 692 
preecox. 692 
vivax, 692 
Plasmolysis, 185 
Plasmorrhexis, 135 
Plasmoschisis, 135, 169 
Plasmosomes, 278 
Plate-cultures, 558 
Platyhelminthes, 700 
Plerocercoid, 718 
Plethora, 126 
Pleura, endothelioma of, 422 
Pleuritis, fibrinous, 881 
Pleuropneumonia, contagious, of cattle, 
579 
Plexiform neuroma, 418 
Plugs, epithelial, in cancer of the skin. 460 
Pluripolar division, 275 
Pneumococcus, 570 
Pneumonia, croupous, 882, 570, 595 
infectious, of cattle, 659 
of horses, 579 
Pointed condylomata, 362 
Poisoning. definition of, 18 
Poisons, classification of, 21 
different varieties of, 21 
Poison-theory, of immunity, 112 
Polar area, 278 
corpuscles, 274, 278 
furrow, 500 
Poliosis, 250 
Polydacty lism, 523 
Polymastia, 525 
Polymelos, 537 
Polymitus, 695 
Polymorphism of cancer-cells, 451 
Poly morphous bacteria, 541 
Poly pi, hairy, 479 
valvular, 145 


155 


Polythelia, 525 
Polyuria, 56, 82 
Post-mortem hypostasis, 181. 167 
Potassium chlorate poisoning, 26 
Predisposition, acquired, 48 
congenital, 52 
local, 48 
temporary, 48 
Prepuce, absence of, 515 
hypertrophy of, 515 
shortness of, 515 
Pressure atrophy, 186 
Pressure, continuous, effects of, 15, 136 
Proglottides, 705 
Proliferation, phenomena of, 843 
Proscolex, 715 
Prusoposchisis, 508 
Prosopothoracopagus, 586 
Prostatic concretions, 205 
calculi, 227 
Protective mechanisms, natural, 99 
Proteosoma, 696 
Proteus vulgaris, 583 
Prothrombin, 136 
Protophy te, 540 
Protoplasm, 275 
Prototoxin, 599 
Protozoa, parasitic, 680 
Psammomata, 430 
Pseudalius ovis pulmonalis, 728 
Pseudo-actinomycosis. 655 _ 
Pseudodiphtheria bacilli, 600 
Pseudohermaphrodismus, 528 
Pseudomelanosis, 288 
Pseudomucin, 202 
Pseudotuberculosis, 580, 628 
aspergillina, 629, 678 
cladotrichica, 629, 655 
due to animal parasites, 629 
due to bacteria, 629 
due to foreign bodies, 628 
due to hy phomycetes, 629 
vermian, 629 
Psorospermose folliculaire végétante, 690 
Psychoneurosis, 17 
Ptomafns, 38, 41, 548 
toxic, 38, 549 
Pulex irritars, 785 
penetrans, or sand flea, 735 
Pulmonary circulation, increase of resist- 
ance in, 127 
Pulse, acceleration of, 125 
venous, 125 
Puriform softening, 146 
Purpura, 158 
hemorrhagica, 158 
rheumatica, 158 
simplex, 158 
Pus, 335 
inspissated, calcification of, 353 
Pus-cocei, 574 
Pus-corpuscles, 385 
Pustule, 335 
Putrefaction, 38. 41. 549 
alkaloids, 38, 41 
zymoids, 41 
Putrescin, 38, 549 
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Putrid gangrene, 176 
Pyzmia, 40, 566, 575 
Pyelonephritis of cattle, 659 
Fy gopagus, 588 

Pyknosis, 169 
Pyosepthemia, 566 
Pyosepticsmia, 40, 566, 575 


QUININE, poisoning by, 29 
RaBIeEs, protective inoculations against, 
116 


Rabbit septicemia, 658 
Race, predisposition of, 51 
Rachicele, 500 
Rachipagus, 536 
Rachischisis, partial, 499 
total, 499 
Rag-sorters’ disease, 587 
Rainey’s bodies, 688 
Ray-figures, 275 
Ray-fungus, 649 
Rays, 27 
Recurrent fever, 95 
Receptaculum scolicis, 708 
Rectum, cancer of, 461 
Redis, or secondary germ-sacs, 700 
Reduplications, 528, 588 
Regeneration, 265 
causes, 266 
of degenerated tissue, 342 
partial, 267 
Regenerative capacity of tissues, 269 
Relapsing fever, 95, 666 
Remittent fever, 94 
Repair by first and by second intention, 
346 


Respiratory apparatus, aspergillus my- 


coses of, 673 
Resting-cells, 273 
Restitutio ad integrum, 267 
Retention cyst, 251 
Retina, glioma of, 409 
Retrograde changes, 451 
Rhabditis stercoralis, 725 
Rhabdomyoma, 406 
Rhexis, 157 
Rhinoscleroma, 647 
Rhizopoda, 680 
Ribs, supernumerary, 58, 525 
Rice-water intestinal discharges in cholera, 
662 
Ricin, 27 
immunity to, 117 
poisoning by, 27 
Rider’s bone, 392 
Rigor mortis, 168 
Rinderpest, immunization, 116 
Ringworm, 676 
Roseola syphilitica, 683 
Round-cell sarcoma, 416, 417 
Roundworms, 718 
Rudimentary twin, 480, 582, 536 
Russel's bodies, 206, 218 


SACCHAROMYCES ELLIPSOIDEUS, 669 
lithogencs, 673 


Saccharomyces neoformans, 673 
Saccharomycetes, 678, 679 
disease-producing, 669, 673 
Sacs of Miescher, 688 
Sago-spleen, 208 
Salts, caustic, 22 
Sand flea, or pulex penetrans, 735 
tumors, 430 
Santonin, poisoning by, 29 
Saprophytes, 548 
Saprophytic bacilli, 582 
cocci, 
Sarcina lutea, 560 
ventriculi, 560 


_ Sarcine, 560 


Sarcoma, 414 
adeno-, 468 
angio-, 426 
alveolar, 420 
cysto-, 447 
etiology of, 415 
fibro-, 415, 416, 418 
giant-cell, 418 
heemangio-, 424, 426 
large round-celled, 417 
lym phadenoides, 416 
iymphangio-, 420 
Iympbo-, 416 
medullary, 415 
melano-, 428 
myo-, 419 
myxo-, 419 
organoid, 420 
osteo-, 419 
osteoid, 480 
petrifying, 480 
phyllodes, 447 
plexiforme, 426 
pelymorphous-celled, 417, 418 
simple, 416 
small, round-celled, 416 
spindle-celled, 417 
telangiectatic, 415 
tubular, 420 
Sarcocarcinoma, 468 
Sarcophilia Wohlfarti, 736 
Sarcoplasm, 297 
Sarcoptes hominis, 731 
minor, 734 
squamiferus, 734 
Sarcosporidia, 688, 690 
Sausage-poisoning, 18, 38 
Scabies. 732 
Scald-head, 675 
Scall, 675 
Scar-tissue, 267 
Schistoprosopia, 508 
Schizogony, 682, 686, 689, 698 
Schizomycetes, 540 
Schizont, 689, 697, 698 
Scirrhus, 464 
Sclera, regeneration of, 303 
Scleroma respiratorium, 647 
Sclerosis, 216 
initial, 632 
of nerve-tissue, 300 
Scolex, 705 
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Scrofula, 627 
Scrotum, malformations of, 515 
Scurvy, 158 
Scutula of favus, 675 
Sea-sickness, 17 
Sebaceous glands in dermoid cysts, 482 
Secale cornutum, 23 
Second intention, repair by, 346 
Secondary infection, 41, 6 
Secretion, internal, 82 
Segmentation, direct, 273 

indirect, 278 
Segmented skein, 274, 277 
Semilunar ganglia, pathological changes 

in, 90 

Sepsin, 41 
Sepsis, 40 
Septiceemia, 40, 566, 575 

hemorrhagic, 658 
Septicopyemia, 40, 566, 575 
Sequestration of necrosed tissue, 171, 341, 

360 


Serpiginous ulcers, 363 
Serum, healing, 113 
protective, 118 
Sex, predisposition of, 51 
Sexual glands, teratoid tumors of, 481, 486 
removal of, 90 
Sexual organs, internal, development of, 
52 
Shock, erethistic and torpid, 16 
Sickness, causes of, 5 
Side-chains, 118 
Siderosis, hematogenous, 240 
Silver, deposit of, 23, 249 
Sirenomelia, 517 
Situs inversus, 520 
Skein-like structure of the nucleus, 274, 
Skeleton, pathological changes in the, 53 
Skin, absence of pigment of, 250 
cancer of, 453 
emphysema of, 72 
healing of wounds of, 346 
leprous nodule of the, 640 
lupus of the, 617 
melanotic alveolar sarcoma of, 429 
multiple fibromata of the, 54 
papillary epithelioma of, 433 
pathological alterations of, 55 
pigmentation of, 89, 231 
Skin-transplantation, 306 
Skull-cap, angioma cavernosum of, 397 
Slumber-cells, 325 
Smallpox, pustule, 334 
parasites of, 690 
Smear cultures, 553 
Smegma bacillus, 613 
Snake poison, 22 
immunization, 117 
Soft chancre, 607 
Special sense, organs of, new-formation of 
the tissues of, 303 
Specificity of the tissucs, 266 
Spermin, 91 
Sphacelinic acid, 23 
Sphacelus, 176 


157 


Sphatrobacteria, 540 
Spheres, fatty granule, 196, 357 
pigmented granule, 357 
Spider cells, 300 
Spina bifida, 498 
anterior, 500 
cystica, 499 
lumbosacralis, 500 
occulta, 500 
posterior, 500 
Spinal column, pressure atrophy of the, 


cord, development of, 507 
Spindle-celled sarcoma, 417 
Spindle-figure, 277 
Spindle, nuclear, 274, 278 
Spirilla, or spirillacee, or spirobacteria, 

659 


Spirillum cholere Asiatice, 660 
of Finkler and Prior, 664, 665 
rugula, 659 
serpens, 659 
sputigenum, 665 
tenue, 660 
tyrogenum, 665 
undula, 660 
volutans, 660 

Spirobacteria, 659 

Spirochete, 540, 659 
buccalis, 660 
denticola, 660 
Obermeieri, 666 
plicatilis, 660 
varieties of, 660 

Spleen, amyloid degeneration of, 208 
changes in, in relapsing fever, 666 
tissue, reproduction of, 290 

Sporangia, 671 

Spore-formation, 542 

Spores, 36, 542, 669, 688 

Sporoblasts, 688, 698 

Sporocyst, 688, 689 

Sporogenous granules, 545 

Sporogony, 686, 689, 698 

Sporozoa, 686 

Sporozoites, 686 

Stab-cultures, 533 

Stadium amphiboles, 94 
decrementi, 94 
incrementi, 94 

Staggers, cause of the, 710 

Staphylococci, 540. 573 

Staphylococcus pyogenes albus, 576 
pyogenes aureus, 578 
pyogenes citreus, 576 

Stars, 274, 275, 277 

Starvation, 6 

Stusis of the blood, 149 

Stearin, 198 

Sterigmata, 672 

Sterilized cultures, injection of, 113 

Sternopagus, 536 

Stigmatization, 159 

Stomach, carcinoma of, 456 

Stomox yidw, 735 

Stones (concretions), 326 

Stone-cutter’s lung, 362 
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Straddling emboli, 70 
Strangles of horses, 579 
Streptococci, 540, 561 
Streptococcus articulorum, 569 
brevis, 569 
erysipelatis, 569 
lanceolatus, 570 
longus, 569 
meningitidis, 572 
puerperalis, 569 
pyogencs, 561 
scarlatinosus, 560 
Streptothrix madure, 655 
Strongylides, 723 
Strongylus armatus, 723 
bronchialis, 723 
capillaris, 72% 
commutatus, 723 
duodenalis, 721 
filaria, 723 
longevaginatus, 723 
micrurus, 723 
paradoxus, 72: 
pusillus, 72% 
rufescens, 723 
syngamus, 723 
tetracanthus, 723 
trachealis, 723 
Strychnine, poisoning by, 29 
Substance, fibrinogenic, 141 
Substance, lysogenic, 109 
Substance, zymoplastic, 141 
Sucking-mite, 734 
Sucking-worms, 700 
Suffocation, 5 
Suffusion, 156 
Suggillations, 156 
Sulphur-methemoglobin, 26 
Sunstroke, 9 
Supernumerary organs, 53, 528 
Suppuration, cause of, 336 
Suprarenal cachexia, 90 
capsules, altered function of, 89 
Suprarenin, 90 
Surra. 684 
Susceptibility. to infections at different 
ages, 50 
Sweat-glands in dermoid cysts, 482 
Swine-erysipelas, 657 
immunization, 115 
Swine- plague, $57 
Sycosis parasitaria, 676 
Symbiotes equi of Gerlach, 734 
symmetrical gangrene, 177 
Symimyeha, 517 
Symptomatic anthrax, 656 
protective inoculations against, 116 
Sympus, 517 
Syncephalus, 535 
Syncope, 16 
Syneytium, 458 
Syndactylism, 519 
Svngamus branchiulis, 729 
trachealis, 723 
Svnophthalmus, 506 
Synotia, 509 
Syphilides, 633 


Syphilis, Lacillus of, 631 
hereditary, 636 
transmission to foetus, 64, 638 
Syringomyelia, 53 
Syringomyelocele, 501 


TABANIDE, 735 
Tablet-formed cocci, 540, 541, 559 
Tactile irritability, 103 
Tenia Africana, 710 
canurus, 710 
cucumerins, 710 
echinococcus, 711 
denticulata, 710 
diminuta, 710 
clliptica, 710 
expansa, 710 
flavapuncta, 710 
mainillana, 710 
marginata, 710 
mediocanellata, 709 
nana, 710 
perfoliata. 710 
plicata, 710 
saginata, 709 
serrata, 710 
solium, 706 
Tail, formation of a, in the human being. 
525 
Talipomanus, 521 
Tapeworms, see also under Zania, 705 
Tarichium megaspermum, 678 
Tartar of the teeth, 226 
Tattooing of the skin, 248 
Teeth in dermoid cysts, 481 
supernumerary, 9295 
Telangiectasia, 393 
lymphatica, 399 
Temperature, influence of, upon develop: 
ment. of bacteria, 543 
Temperatures, high, of the body, 9 
low, of the body, 10 
Tendinous spot, 349 
Teratoid cysts, 473 
tumors, 473 
Teratoma, autochthonous, 420 
bigerminal, 480 
coccy geal, 479, 480, 538 
heterochronous and heterotopous, 474 
monogerminal, 480 
sacral, 475 
of sexual glunds, 481, 486 
solid, 483 
Terminal artery, 132 
Testicle, adenocystoma of, 444 
adenorhabdomyoma of, 485 
angiosarcoma of, 425 
congenital adenocystoma of, 484 
dermoid cysts of, 486 
ectopia of. 520 
retention of, in the abdominal cavity. 
520 
teratomata of, 485 
Tetanotoxin, 602 
Tetanus. 601 
antitoxin, 117. 608 
Tetanus. bacillus, 601 
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